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PROLOGUE 





NOW WE'RE TfiKING 
ON THE LOGICAL 
NEXT SUBJECT... 



POLITICS? 



NO. THIS BOOK 
WILL BE ABOUT 

science! 



...AND WHAT EXACTLY 
ARE YOU TWO WORKING 
ON THESE DAYS? 



WELL, WE MADE A 
COMIC BOOK ABOUT 
PHILOSOPHY AND ONE 
ABOUT RELIGION... 



PSYCHOLOGY? 



SCIENCE?' BUT ISN'T THAT 
THE TOTAL OPPOSITE OT 
RELIGION AND PHILOSOPHY? 



RELIGION AND PHILOSOPHY ARE 
ABOUT UNPROVEN ASSUMPTIONS, 
AND SCIENCE IS ALL ABOUT 

OBJECTIVE FACTS 1 



OT COURSE THEY GO TOGETHER! 
SCIENCE IS A MODEL TO MAKE 
SENSE OT THE WORLD - JUST 
LIKE PHILOSOPHY AND RELIGION! 



SCIENCE IS PURELY 
THE APPLICATION OT 

THE SCIENTIFIC 
METHOD... 



NONSENSE! SCIENCE IS 
SUBJECTIVE LIKE 
EVERYTHING ELSE! 

A HUMAN endeavor! 
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INTeRNETl WflRMiNoi 

. mJSS- 

WNDJNG.f 



SCIENCE IS NOTHING BUT 
MONKEY WITH fl STICK, 
POKING AROUND IN PLACES IT 
DOESN'T KNOW ANYTHING ABOUT! 



SCIENCE WILL 
SAVE THE 
HUMAN race! 



SCIENCE IS BLIND FAITH 
IN THE GOD THAT CALLS 
ITSELF progress! 
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THE WORD 

SCIENCE 

IS DERIVED TROM THE LATIN WORD 

SCIENTIfi 

WHICH MEANS 

KNOWLEDGE 

BUT WHAT DOES IT MEAN 
TO 

KNOW? 






sas&sTop 



'^6=MC2 actions 
L reaction 

y DOW 

JONES = /O? 

13350.96 L ~y . 



WATER 



WHY IS IT THAT 
WE WANT TO KNOW 
ABOUT THINGS? 

jlS THAT TYPICALLY 

HUMAN? 

I MEAN, LOOK AT 
OUR CATS... 



WELL, WE LIVE IN A 
UNIVERSE THAT’S 
MOSTLY UNKNOWN 
AND DANGEROUS. 



TO SURVIVE, WE 
NEED TO KNOW 
WHAT IT IS THAT 
SURROUNDS US. 



MORE THAN ANY 
OTHER ANIMAL, WE 
RELY UPON OUR 
KNOWLEDGE 

OF things! 



..do Ihetj have 
cai-science? 



It* 



WE gather 
KNOWLEDGE SO WE 
CAN FEEL safe! 



mrrowwww!hisss! 
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oRO Vi VI lAKRO 



,V(VlV<' 



.so OUR CATS ARE BEHAVING 
SCIENTIFICALLY NOW...? 
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NEIGHBOR’S DOG 
BARKING-FREQUENCY 

t)b 





BUT WHAT IS 
SCIENCE 
TRULY...? 



IS IT GATHERING KNOWLEDGE? 

IT MUST BE MORE THAN JUST THAT, 
BECAUSE ANIMALS DO THE 
SAME THING TO AN EXTENT... 






BECAUSE WE CAN MAKE 
AND USE TOOLS... 



...WE CAN REACH PLACES 
THAT WOULD OTHERWISE 
BE BEYOND US... 
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WHflTfl 



SOME BRANCHES OF 
SCIENCE SURE ARE 
PRETTY SCARY... 



A MONKEY WITH A STICK - 
IS THAT WHAT SCIENCE IS? 
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BUT ISN'T SCIENCE SUPPOSED TO BE INTELLIGENT AND ELEGANT AND INGENIOUS? 



PROGRESSIVE TECHNOLOGIES? 



CONCISE FORMULAS? 



BETTER AND BETTER THEORIES? 



QUANTUM 

THEOSY 



SCIENCE IS 

SECURING KNOWLEDGE. 



...AND BUILD ON 
THAT knowledge! 



.SO WE CAN PASS ON 
OUR KNOWLEDGE... 



WE ARE NOT THE ONLY 
SPECIES THAT USES 
LOGICALTHINKING AS A TOOL. 



...BUT BY PASSING ON AND 
BUILDING ON KNOWLEDGE, 
WE HAVE DEVELOPED 
SUCH ADVANCED TOOLS... 



THAT WE ARE SUPERIOR 
TO ANY OTHER ANIMAL 
IN OUR technology! 
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THINKERS are occupied wiih 
lo0ical reasoninq, lintdn0 
focis; formutattnq 
THEORIES ^ 



TINKERERS are occupied wiih 
setiin0 up EXPERIMENTS to 
verifu theories: 
APPLYING scientific insiqhts 
in TECHNOLOGIES ^ 
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IS. 





I WANT TO MAKE ONE 
DRAWING THAT EXPRESSES 
WHAT SCIENCE IS... 



IT HAS TO CONTAIN AS 
MANY SCIENTIFIC AREAS 
AS POSSIBLE... 



...AND IT MUST SHOW 
HOW we TRY TO MAP 
AND CHART EVERYTHING 



^GOODLUCKj 



...THAT we RUN THE RISK 
OF SEEING ONLY THOSE 
THEORIES, NOT REALITY! 

I^Something like (ha 



...ABOUT HOW WE TRUST SO 
MUCH THAT OUR SCIENTIFIC 
THEORIES CAPTURE REALITY., 



IT WOULD BE WONDERFUL 
IF I COULD GET A 
CRITICAL NOTE IN AS WELL, 




DRAW 



UHMMM... 



SCRATCH 



ERASE 



DONE 



WHAT DO YOU THINK? 



D 
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HMM. I THINK SCIENCE 
IS MORE LIKE 
GATHERING PIECES 
OF A PUZZLE... 



...AND FINDING OUT 
HOW THESE PIECES 
FIT TOGETHER... 



...AND IMAGINING WHAT 
THE REST OF THE PUZZLE 
MIGHT LOOK LIKE... 



...BECAUSE WE'LL NEVER BE ABLE 
TO FIND ALL THE PIECES - 
SOME OF THEM ARE TOO SMALL, 
OTHERS TOO BIG, OR TOO FAR AWAY, 



IB. 










BUT we CRN SPGCULftTG 
ON THG BASIS OF THG 

Pieces we havg... 



WHEN WE LINK THESE 
FOUR PIECES TOGETHER. 






WE ARE DONE 



...SOWe THINK THAT WE HAVE 
ENOUGH PIECES TO ROUGHLY KNOW 
THE DIMENSION OF ALL OF THE 
PUZZLE... 



...OTHERS DOUBT IF THE PIECES WE 
HAVE ARE EVEN ALL OF THE SAME PUZZLE - 
MAYBE THERE EXIST SEVERAL 
PUZZLES AT THE SAME TIME! 




...AND NO ONE KNOWS FOR SURE HOW MANY 
PIECES THERE ARE AND HOW MANY WE ARE 
ABLE TO FIND OR THINK UP... 



MAYBE WE SHOULD 
CALL IT GATHERING 
IGNORANCE INSTEAD 
OF KNOWLEDGE, THEN! 
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WRS GOING ON LONG BEFORE 



THE GREEKS! 



ksT^ 



What about the 
BABYLONIANS? 
The EGYPTIANS? 
TheMAYANS? 
Not to mention 
the CHINESE?! 



SCIENCE 



ARE YOU 
CRAZY?* 
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THE INCflS IN SOUTH flMERICfl 
HAD fl THRIVING CULTURE 
FROM 2000 B.C., WITH EXPERT 
KNOWLEDGE OF ENGINEERING, 
HYDRAULICS, ASTRONOMY 
AND MEDICINE'. 



WHERE DID 
SCIENCE START? 



D 



THE MAYANS IN CENTRAL 
AMERICA HAD COMPLEX SYSTEMS 
OF ASTRONOMY, COSMOLOGY AND 
MATHEMATICS - IN 1000 B.C.! 



MESOPOTflMIfl IS CALLED THE CRADLE OF WESTERN 
civilization! the SUMERIANS AND BABYLONIANS WERE 
SKILLED IN irrigation, ASTRONOMY AND MATHEMATICS 
AS EARLY AS 4000 B.C.! 






THE CHINESE WERE HIGHLY ADVANCED 
IN MEDICINE, ASTRONOMY, MATH AND 
SEISMOLOGY - AROUND 2000 B.C.! 



1 



AND WHAT ABOUT THE 
DISCOVERY OF FIRE? 
THAT MUST HAVE TAKEN . 
PLACE IN AFRICA, SOME 
800,000 YEARS ago! 



THE EGYPTIANS BUILT THEIR 
PYRAMIDS AROUND 2500 B.C., 
DISPLAYING GREAT KNOWLEDGE 
OF GEOMETRY, ENGINEERING 
AND astronomy! 



YOU MIGHT AS WELL SAY 
THAT SCIENCE IS AS OLD AS 
HUMANITY itself! 



c 



OKAY - BUT I STILL WANT TO 
START IN ANCIENT GREECE, 



\T 




BECAUSE THE GREEK MOLDED 
THE SYSTEM OF SCIENCE WHICH 
WE STILL PRACTISE TODAY... 




ZZ7/3, 





WHY?! 



XL 



A SYSTEM OF OBJECTIVE INQUIRY 
AND LOGICAL THINKING! 



Their way 

and research is ihe 
BASIS our modem 




...modem 
WESTERN 
science to 
be precise. 



THEN YOU MIGHT JUST AS WELL CALL IT THE BEGINNING OF MODERN SCIENCE... 
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THE BEGINNING OT 
MODERN WESTERN 
SCIENCE 







ANCIENT GREECE 




FROM SEVER 
CULTURES 



BflBYLONIflN 
CULTURE IS 
PIT ITS END... 



iVRflCUSE 



MEDITERRflNGflN SEfl 



LOOK out! PAST 



THE PYRAMIDS 
HAVE BEEN HERE 
TOR £000 YEARS 
.^ATTHISPOINTf 



YOU MEAN: THIS IS HOW FAR CIVILIZATIONS 
AROUND THE MEDITERRANEAN SEA HAD 
MAPPED THE KNOWN WORLD BY THEN. 



THIS IS WHAT THE WORLD 
LOOKED LIKE IN 500 B.C.l 



GREECE WAS MORE OR 
LESS A REMOTE PROVINCE 
OF THE GREAT PERSIAN 
EMPIRE - EXCEPT WHEN 
THEY WERE FIGHTING 
AGAINST them! 



THE LAND WAS 
SURROUNDED 
BY OCEAN... 



WHAT LAY BGYO^ 
WAS UNKNOWN! 



THE PERSIRN 
EMPIRE UNITED 
KNOWLEDGE 



G 



!!ri 



THE BRR&RRIC 
BRCK COUNTRr! 






WLEDSe 



THEWS 



THIS POINT LIES 
THE GATE TO THE 
UNDERWORLD' 






THE ONCE POWERTUL 
EGl^TfflN EMPIRE HAS BEEN 
SWALLOWED BY PERSIA. 




ViftTGR 



ABOVE IS THE 
FIRMAMENT, WHERE THE 
GODS GUIDE THE 
HEAVENLY BODIES! 



BEYOND 
THAT IS A 
SPHERE OF 

1 water! 



AND THEN 

fire! 



BENEATH THE 
EARTH IS THE 
UNDERWORLD, 
AND BENEATH THAT 
THE PILLARS THAT 
SUPPORT THE world! 



lOWN WORLD 



INVtSIBLE PtLLARS TO 



jJNDERWORLP 






PRIMEVAL 

OCEAN 



PRIMEVAL 
OCEAN 



AND THIS IS WHAT THE 
COSMOS LOOKED LIKE* 



YOU MEAN: THIS IS THE COSMOLOGICAL 
AND MYTHOLOGICAL WORLDVIEW HELD 
BY ANCIENT GREEK SOCIETY! 
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THOLES OF MILETUS 



THEY CALL ME THE FATHER OF SCIENCE 



I PROPOSE THAT, IN THINKING ABOUT 
NATURAL PHENOMENA, WE DISREGARD 
THE MYTHICAL WORLD OF THE GODS! 



Nothing[ wronq with 0oets, 
ut thereTs no mace ther 
in NATURAL PHILOSOPHY ! 



I'M LOOKING FOR A 
NATURAL CAUSE 
BEHIND ALL THINGS. 



EVERYTHING IS 

WATER 



EVERYTHING DERIVES TROM 
THIS FIRST PRINCIPLE: 



WATER comes in many 
solid, Uqitiol, qas - ana if 
you moke it even thinner 
u becomes AIR, I think. 



orms; 



WATER surrounds oil of the known earth; 
land must have come out of water, 
like sand qatherinq in a bud<et ^ ^ 

of swirling water. S 
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eVGRYTHING IS WATER" 



1C 






THAT'S WHY THEY 
CALL HIM THE 
FATHER OF SCIENCE...?! 







NOT BECAUSE OT THAT, BUT BECAUSE: 

- HE WISHED TO EXPLAIN NATURAL 
PHENOMENA TROM ONE BASIC PRINCIPLE 

- HE EXCLUDED THE GODS TROM THE 
PURSUIT OT SCIENTITIC KNOWLEDGE 

- HE BASED HIS CONCLUSIONS ON 
TACTS AND LOGICAL ARGUMENTS 



- WITH THAT, HE CREATED A METHOD 
TOR OTHER PHILOSOPHERS 
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ANAXIMfiNDER 



I’M ALSO 
LOOKING TOR 
A TIRST 
PRINCIPLE. 



I DON’T 
THINK IT’S 
WATER... 



r 




...BUT AN ULTIMATE SUBSTANCE THAT 
CAUSES ALL MATTER, INCLUDING 
OPPOSITES LIKE WATER AND FIRE! 

SOMETHING INFINITE, INDIVISIBLE f ^ 

AND INVISIBLE - I CALL IT [HE^ 

AP6IRON. ' ‘ ^ 



'vJ 



SOUNDS S BIT 
LIKE ATOMS! 



> 




c 



OR DARK matter! 




I ALSO HAVE MY OWN 
PHILOSOPHY ABOUT 

cosmology! 



GARTH IS A CYLINDER, FLOATING IN SPACE, WITH 
SUN, MOON AND STARS CIRCLING AROUND IT! 



THE GARTH WAS FLUID 
IN THE PAST. 



FISH CAME Ouf^ 
OF WATER 

vapor! 



r 



ALL THE OTHER 
ANIMALS, 
INCLUDING MAN, 
HAVE DEVELOPED 
FROM FISH. 



Hey! Thai's a kincC of 
Theory of Evotuiion! 



r 


"A 


GARTH 


IS THE 




CENTER 




OF THE 




universe! 







'th^swhyit ") 

STAYS IN PLACE ! ) 
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WHY DO THESE 
OLD GREEKS CHLL 
THEMSELVES 
PHILOSOPHERS...? 






WEREN’T THEY 
SCIENTISTS? 






NATURAL PHILOSOPHERS WAS THE NAME 
FOR PEOPLE WHO WERE INVOLVED WITH 
THE STUDY OF NATURAL PHENOMENA. 



JL 



THEY WERE SCHOOLED IN 
EVERY DISCIPLINE: PHYSICS, 
ASTRONOMY, BIOLOGY, 
MATHEMATICS... 
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PYTHAGORAS 



I m MAINLY KNOWN FOR MY THEOREM: ft + B = C 



IN OTHER WORDS 



ACTUALLY. THIS THEOREM IS NOT 
MINE: THE BABYLONIANS KNEW 
IT ALREADY AROUND 2000 B.C. 



BUT I WAS THE 
FIRST TO 
MATHEMATICALLY 
PROVE it! 



■'IN ANY RIGHT-ANGLED TRIANGLE, 
THE SQUARE OF THE LENGTH OF 
SIDE C IS EQUAL TO THE SUM OF 
THE SQUARES OF SIDE A AND B." 



WHAT MOST PEOPLE DON’T KNOW ABOUT ME, IS THAT I 
FOUNDED A RELIGIOUS CULT IN CROTONA, IN SOUTH ITALY, 



IT WAS BASED ON THE 
IDEA THAT REALITY IS 
REALLY MATHEMATICAL 



S=2+3= WOMAN+ MAN 
= MARRIAGE 

6=3+2+1= CREATION 

i 10 =^+3+2+1 
-lUNIVERSE 



1 = UNITY 
2= WOMAN 
3= MAN 
4= JUSTICE 



holy number 



ALL IS number! 



HE SHOULD HAVE 
SEEN THE matrix! 
IN THAT MOVIE, THE 
WORLD IS MADE OF 
ONES AND zeros! 



MRTHEHflTIKOI 
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RELIGION 



BRSED ON 
MATHEMATICS? 





NOWADAYS, 

RELIGION AND SCIENCE ARE 
EACH OTHER’S OPPOSITE I 

J 



YES, THE RELATIONSHIP 
BETWEEN RELIGION AND 
SCIENCE HAS CHANGED A 
LOT OVER THE CENTURIES. 
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ARCHIMEDES 



flCTUfl LLY, I WAS ft KINeToF AN ALL-ROUND INVENTOR!^ 
CRANES ) 

(" pulleyT^ 



I MADE 
WAR 

MACHINES 



D 






AND THE TAMOUS 
ARCHIMEDES' SCREW, TOR 
TRANSPORTING WATER! 



rui^ nhiE:- 



"THE CLAW 
FOR 
SINKING 
ENEMY 
SHIPS 






eUREKfll eureka! 



IMMERSE A PIECE OF 
GOLD WITH THE SAME 
WEIGHT IN WATER - 
MEASURE HOW MUCH 
WATER IS DiSPmCED.. 



,.,THEN IMMERSE 
THE CROWN - IF IT 
DISPLACES A DIFFERENT 
AMOUNT OF WATER, 
irs NOT PURE gold! 



—Very dever! 
Now please 
pui on some 
ponls! 



P*Sj 

THE 
SMITH 
HAD 
INDEED 
CHEATED 
AND WAS 
PUNISHED. 



(everyone knows me for my 

\ FAMOUS EXCLAMATION 

BUT WHERE 
DOES THAT 
REFER TO? 



RRCHIMEDES! J 



GURGKA! ( 



HAVE FOUND 



KING HIERON 
OF SYRACUSE HAD 
ORDERED A GOLDEN 
CROWN, TO OFFER TO 
THE GODS... 



F ND OUT F TH S 



' ' BUT WITHOUT 
' DAMAGING IT! 
■ 



CROWN IS REALLY 
PURE GOLDf 
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THEY CALL ARCHIMEDES 
THE “FATHER OF 
MATHEMATICS”! 

V( 




AND EUCLID, WHO 
LIVED AROUND THE 
SAME TIME, IS CALLED 
"THE FATHER OF 
GEOMETRY"! 





EUCLID 




MY BOOK ELEMENTS IS STILL USED 
TODAY BY STUDENTS OF MATHEMATICS! 



IN HERE I DESCRIBED THE FIVE BASIC 
PROPOSITIONS OF GEOMETRY. 



D 



^ THESE ARE ALSO CALLED AXIOMS! 

AXIOMS ARE PROPOSITIONS THAT CRN NOT BE PROVEN, 
BUT ARE ACCEPTED AS SELF-EVIDENTLY TRUE. 



0 THe SHORTeST CONNECTION BETWEEN © 
TWO POINTS IS PI STRAIGHT LINE. 



fl STRAIGHT LINE CAN BE PROLONGED AND 
IT WILL STAY A STRAIGHT LINE INDEFINITELY. 




0 ANY STRAIGHT LINE CAN BE 
THE RADIUS OF A CIRCLE. 

A 




rtT) ALL RIGHT ^ ONLY ONE LINE CAN BE DRAWN 

^ ANGLES ARE THROUGH A POINT PARALLEL 

equal. TO ANOTHER LINE. 
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LOGIC IS THE FOUNDATION OF 
MATHEMATICS. AND MATH IS THE 
FOUNDATION OF SCIENCE. 





THIS IS WHY EUCLID IS 
ALSO CALLED THE 
FATHER OF SCIENCE ' 



WELL DUH! ISN’T 
THAT LOGICAL? 



EUCLID’S FIVE AXIOMS NOT ONLY PROVIDED A 
BASE FOR GEOMETRY, BUT ALSO FOR LOGIC! 



Pretty ironic ihen 
ihat Logic is founcleoi 
on f^posiiions 
that ore 
INHERENTLY 
UNPROVABLE! 



HOW MANY 
FATHERS DOES 
SCIENCE HAVE? 



LOGIC = 

COMBINING THINGS YOU KNOW 
IN SUCH A WAY THAT YOU 
FIND OUT THINGS YOU DIDN'T KNOW 
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WELL, "FftTHERS* IS JUST A NAME 
WE PINNED ON THE OLD GREEKS 
IN HINDSIGHT... 



y 



Ji 



THE MOST IMPORTANT THING IS THAT 
THEY LIVED AT THE TIME OF THE 
BIRTH OF THE VAST FIELD OF 
EXPLORATION WE NOW CALL SCIENCE! 
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MATHEMATICS 






IN fiRCHITeCTURe? 



USING THEOREMS 
AND PROOTS! 



HEY, THESE LOOK 
fi BIT LIKE THE / 
DIGITS WE USE r 

itoday! 



IN OBSERVING 
THE STfiRS? 






HISTORY OF 

MATH 



> 

1 1 



THE OLDEST MATHEMATICAL 
DOCUMENTS DATE BACK TO 
5000 B.C. AND WERE 
FOUND IN BABYLONIA. 



BABYLONIAN MATH WAS 
SeXftGESIMflL- BASED 
ON THE NUMBER 60. 



THE ANCIENT GREEKS 
REFINED MATH WITH 
LOGIC. 



IN THE FOURTH CENTURY B.C. 
PLATO’S ACADEMY IN ATHENS 
WAS THE CENTER OF THE 
MATHEMATICAL WORLD. 



I INTRODUCED MATH- 
EMATICAL reasoning! 



THIS IS WHERE ARISTOTLE, 
THE GREATEST 
SCIENTIST OF 
HIS AGE, 

STUDIED. iU/ti 



IN THE THIRD CENTURY B.C. 
THE CENTER OF MATH 
SHIFTED TO THE 
MUSAEUM OF ALEXANDRIA. 



THE GREEK DID NOT USE 
THE NUMERALS WE KNOW 
TODAY. BUT LETTERS TO 
DENOTE NUMBERS. 



IN THE MEANTIME THE 
CHINESE DEVELOPED THEIR 
OWN SYSTEM, BASED ON 
THE NUMBER 10. 



IN INDIA, DISCRETE 
SYMBOLS WERE USED FOR 
THE NUMERALS 0 TO 9. 



IN OTHER WORDS: A 

DECIMAL SYSTEM 



JUST LIKE THE 
ROMANS: 

C=100 
V=S D=SOO 
M=100< 

L=SO 



THIS IS WHERE I WROTE 
* MY FAMOUS BOOK 
\ ON GEOMETRY: 
4 ELEMENTS. 



3B. 






flLLIN 1 
HONOR Qfj 

t god ! J 



m THE WORD f 
M ALGORITHM I 
12 \S DERIVED I 
■ from HV nrme!| 

AND ALGEBRA COMES 
FROM AL- JABR, THE 
TITLE OF Hr &OOK1 






THANKS TO MY BOOK 
or CALCULATION! 



MEANS A BREAKTHROUGH IN 

MATH TOR THE TIRST TIME SINCE 
THE GREEKS I 



NAVIGATION IS 
INCREASIMGLV 
IMPORTANTl 



SIMON STEVIN 
WAS THE FIRST 
TO WRITE 
ABOUT 

, DECIMALS! , 



he con practtcc 
(he (rode! 



LIBER 

ABACI 






l-OGPPlISl 



¥ BltO* 

ft II M Jt. r * 

Pit I s t w I A 



■M 



ABELARD 
OF BATH 



BRiTHMETiCfl 



thiende 



TROM THE EIGHT CENTURY A.D., ISLAMIC 
CULTURE BLOOMED - MUSLIM SCHOLftRS TRANS- 
LATED AND STUDIED THE ANCIENT GREEKS. 



IN THE CHRISTIAN CULTURE 0? WESTERN 
EUROPE, THE MOTIVE THAT DROVE SCIENCE 
WAS STUDYING GOD’S PERTECT DESIGN. 



LET'S TRANSLATE 
THESE ARABIC 
TRANSLATIONS 
INTO LATIN! 



TROM THE 13TH CENTURY, 

THE ’HINDU ARABIC NUMERALS’ 0 TO 9 
CAME INTO GENERAL USE IN THE WEST. 



hurray! tibonacci’s work 



DURING THE RENAISSANCE, MATH WAS 
MAINLY USED IN COMMERCE. 

I WROTE A BOOK FOR MERCHANTS! IT CONTAINS 
A MANUAL FOR BOOKKEEPING, AND A FEW 
MATHEMATICAL PUZZLES! 






uca pficiQLi r 
14A6-1Snj 



DURING THE SCIENTITIC REVOLUTION IN THE 
16TH AND 17TH CENTURY THERE WAS 
PROGRESS IN MANY TIELDS - INCLUDING MATH. 



MATHEMATICS BECAME MORE AND MORE INTER- 
NATIONAL AND DEVELOPED LOTS OT SUBAREAS. 



MY PRINCIPIA PROVIDED 
THE BASIS FOR 
CLASSICAL MECHANICS 



NEW N5TRUMENTS 



NEW 

LOTS OF NEW THEORIES! 
OBSERVATIONS 



exc 
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MODERN 

EUEMTF5T 



YUCK, 

math! 



I NEVER 
GET it! 



gorgeous! I CALL 

IT OUR jewel! 



.FeTNMfil 



( 1916 -waei 



UNTIL THE 1 9th CENTURY, THERE WAS NO 
DISTINCTION BETWEEN MATH AND PHYSICS. 



OVER THE CENTURIES, MATHEMATICS HAS 
BECOME MORE ABSTRACT AND ALSO 
STUDIED IN ITS OWN RIGHT. 

EVEN MORE subareas! I BUT IS THIS KIND OF MATH 
ABSTRACTS LG EBR a! function/ STILLTHELANGURGEOF 

RNALTSIS! number theory! J nature? does it HAVE A 

CONNECTION WITH REALITY? 



1 MAY BE A PROFESSOR OF 
MATH, BUT I'M ALSO INVOLVED 
WITH THERMODYNAMICS, 
OPTICS, THEOLOGY, 
ASTROLOGY AND ALCHEMY 



WE STUDY NATURE. AND 
THE BOOK OF NATURE IS 
WRITTEN IN MATHE- 
MATICAL LANGUAGE. 



AsIroloQu? Alchemy? 

Bullnose ore 
PSEUDO-SCIENCES! 



Or is ii just mental 
qymnostics token 
to the extreme? 



19th CeitLPRY 
MfiTHemTianN 



THIS BBSTRfiCTNESS LAUNCHED fl HOT DEBATE 
ABOUT THE FUNDAMENTS OF MATHEMATICS* 



HOWEVER, THERE'S NO DEBATING THE PLENTIFUL 
MATHEMATICAL PATTERNS FOUND IN NATURE* 



SCIENCE 



IS BASED ON MATHEMATICS. AND 
BASED ON LOGIC - BUT IS LOGIC 
WATERTIGHT AS IT SEEMS? 



MATH 



AS 



RUSSELL 5 PARADOX- 
fl BftR&ER SHAVES ONLY THOSE 
MEN WHO DON'T SHAVE THEMSELVES 



- BUT DOES THAT MEAN HE 
SHAVES HIMSELT, OR NOT? 



F I SHAVE MYSELF, 
I'M NOT SHAVED 
BY THE BARBER 



BUT I AM THE BARBER! 

argh! tm going 



BERTRAND RUSSELL 

ClB7a-1?70) 



MATH CAN EVOKE A RANGE OF FIERCE 
EMOTIONS - FROM PURE AESTHETIC ECSTASY., 



...TO DEEPLY ROOTED DISGUST 
AND FRUSTRATION. 



WHY CAN'T THEY SEE HOW 
GREAT THIS SUBJECT IS? 



SEE HOW 
BEAUTIFUL? 



MOTH IS 

art! 



■ 40 . 






WELL, WELL, THE TWO OF 
YOU ARE fl REAL PAIR OF 
EGGHEADS, AREN'T YOU? 



YOU PROBABLY WERE TOP 
OF YOUR CLASS AT SCHOOL? 
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AND I DIDN’T GET fl THING 
OF WHAT MOST TEACHERS 
TRIED TO TELL ME! 



I WAS REALLY BAD AT 
MATH AND THE 

sciences! 



I DROPPED ALL THE SUBJECTS I COULD! 



I SKIPPED CLASSES AND FORGED MY REPORT CARDS 



I kept otl ihe longuaqes, 
whi<» I was gooct, buf had 
— ^0 ke^ History and 
Bioloou, at which 
■■ sucked. 



HISTOKt 

j^lOLO^ 




I DIDN'T EVEN FINISH HIGH 
school! I FLUNKED MY SOPHOMORE, 
JUNIOR AND SENIOR YEAR! 



I HATED STUDYING! FORTUNATELY, LANGUAGES 
CAME EASY TO ME, SO I DIDN'T HAVE TO 
SWEAT TOO MUCH FOR MY EXAMS! 
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I WftS 22 WHEN I STARTED TO DISCOVER WHAT I LIKED TO STUDY TOR MYSELF! 



THIS IS great! I'm 
LEARNING STUFF WITHOUT 
iTHE PRESSURE OF EXAMS'. 



A SCIENTIST WHO TALKS 
ABOUT RELIGION? 

HOW intriguing! 



HET. A BOOK ABOUT 
STEPHEN hawking! 



"...for ihen we would 
know die mind of 0od.. 



AND I STARTED LOOKING UP THINGS IN THE LIBRARY THAT I DIDN'T LEARN IN SCHOOL! 



1 DON'T LIKE 

assumptions! 



[silence! 



WELL, YOU'LL V 
JUST HAVE TO ( 
ASSUME them! 



THINGS LIKE 
THAT...?, 



> 

IN MY EXPERIENCE, LEARNING 

HAS VERY LITTLE TO DO WITH 

WHAT GOES ON IN SCHOOLS! 

J 


^IT'S MUCH MORE IMPORTANT^ 
TO BE CURIOUS THAN TO BE 
THE BEST IN YOUR CLASS! 

L, 


^ TEACHERS SHOULD BE 
ABLE TO IMPART 

GNTHUSIflSM! 


M 1/ V \^KNOWLEDGel ^ 
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FOUR 

FASCINATING 

MATHEMATICAL 

PHENOMENA 








THIS IS n 
CIRCLE: 



THE LENGTH OT THE RED LINE IS: THE » 

LENGTH OT THE BLUE LINE TIMES 3.141592G53SB979 



THIS NUMBER 
IS CSLLED 



ITS DIGITS GO ON 
INFINITELY AND NEVER 
BECOME PI PERMPINENT 
REPGPlTING PATTERN. 



THE BLUE LINE IS 
THE diameter! 



AND RED IS THE 

circumference! 



MATHEMATICIANS HAVE BEEN INTRIGUED BY PI FOR CENTURIES - THE SEARCH FOR 
ADDITIONAL DIGITS WAS AN IMPORTANT INCENTIVE IN THE DEVELOPMENT OF THE COMPUTER 



LETS MAKE ft 
MACHINE TO 
CALCULATE 
IT FOR us! 



TEN 

TRILLION 

III 



I WORKED OUT 

. SIX digits! 



PI IS MORE 
OR LESS 
22/7... 



I TRIED TO calculate' 

PI mathematically! 



ZU 

CHONGZHI 



BY USING 

POLYGONS 1 



munnvn ftt-KfiSHI | 

±1JiOO H24 17 th CENTURY & ON 

INDIA PERSIA EUROPE 



±500 A.D. 
CHINA 



OCTOBER 

2011 






PI ALSO INSPIRED NUMEROUS ARTISTIC WORKS. 



Wow I WILL A RHYME CONSTRUCT, BY CHOSEN WORDS THE 
YOUNG INSTRUCT. CUNNINGLY DEVISED ENDEAVOUR, CON 
IT AND REMEMBER EVER. WIDTHS IN CIRCLE HERE YOU 
SEE, SKETCHED OUT IN STRANGE OBSCURITY.' 






&nd man 

With an obiBaalve naturiE and Jaictnatlon 
for numbiLra 

tind a aomplfitf InJattjalton with th^ calculation 
Of pi 




HNEMONIC TO hEHORIZE 
THE FIRST 31 DIGITS 
OF PI. 

(COUNT THE NUMBER 
OF LETTERS IN 
EBCH WORD) 




Oh he love, he love, he love 
fledoea love hla numbera 
find the^ run» ibey run. the^ run him 
In a great big etrcle 
In a circle of Infinity 



FROM THE HLBUM 
AERIAL (2005) 



KATE BUSH 




AMERICAN SCIENCE-FICTION MOVIE 
BY DARREN ARONOFSKY (19?3) 
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^ IN 1858, 1 
DISCOVERGD THIS 
MOEBIUS-STRIP[ 
IT HAS AN 
INTINITE , 
SURTACE! / 



DOES THAT 
MEAN THERE 
IS AN INFINITE 
NUMBER OF 
INHABITED 
^ PLANETS ' 
A LIKE OUR 
^ GARTH? 



GEORG CANTOR 
(i045-i?ie) 



INFINITY 



INFINITELY FASCINATING! 



Q INF 



WHAT IS INFINITY? IS IT A PURELY 
PHILOSOPHICAL IDEA...? 



.OR CAN WE CONSIDER IT AS 
A NUMBER WHICH HAS SOME 
SPECIAL PROPERTIES? 



IT S WRITTEN 
AS: OO 



CO + 1 = OO 
-CO < X < CO 



IS SPACE 
INFINITE? 



THE SET CONTAINING ALL 
WHOLE NUMBERS IS INFINITE 



C 



THE SET CONTAINING ALL MULTIPLES 
OF TEN IS ALSO INFINITE... 



G 



YET THERE EXIST MORE WHOLE 
NUMBERS THAN MULPTIPLES OF TEN! 



SO: CAN ONE INFINITY BE 
SMALLER THAN ANOTHER? 



CANTOR ENDED UP IN R MENTAL HOSPITRLl 
COMTEMPLRTING INTINITY IS NOT WITHOUT DANGER! 
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THIS 

STRAIGHT I 

line! 



{ this I! 
UNE, Dl\ 

r line a 



„THRT THE RATIO 
UNe B TO UNE A IS 
THE SAHE AS THE 
RATIO OF LINE A 
TO THE WHOLE LINE! 



S IS THE SAME 
DIVIDED IN TWO 
E A AND LINE B 



WHICH IS: 

1.61B0339BB749B9...ETC 



IN SUCH 
A WAY., 



WE CALL 
THIS NUMBER 
PHI, OR: 






a+b 



THIS RATIO HAS SOME PARTICULAR PROPERTIES, AND CAN BE FOUND FREQUENTLY IN NATURE 



THE RftTIOl:(p 
IS ALSO CALLED 



THE GOLDEN RATIO 




W DN\m \ 
PROPORTIONE 
aBOUT THE DIVINE 
PROPORTION' 



fiRTISTS IN DIFFERENT MEDIUMS 
STfiRTED TO ASSOClFlTE THE GOLDEN 
RATIO WITH PERFECT BEAUTY, 



THE INTERSECTION 
0? THE DIAGONALS 
0? ALL THESE 
RECTANGLES IS 
THE SAME point! 



I IN m 
music! 



I'M APPLYING IT] 
,IN MY paintings! 



I'M STARTING 
TO SEE IT ^ 
everywhere! 



HERE 



^OF GOP r 



Bfe.fi bart6k 



THIS RECTANGLE HAS A DIMENSION OF 1 Xtpi ITS LONG 
SIDE IS (p TIMES LONGER THAN ITS SHORT SIDE. 






LUCA 

PRCIOLI ^ 

C 1446-1517) 
medieval 

MATHEMfiTJCJfiN 
& MONK 



%'S CALLED A ^ 
GOLDEN 

^ rectangle! 



CAN BE DIVIDED 
INTO AN INFINTE 
NUMBER OF SMALLER 
GOLDEN RECTANGLES' 



SALVADOR DAL 



p^^ASClNATlNG^ 












MySTERIOUS 
COINCIDeNC^ 

NT 
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THE NUMBER ZERO IS USED IN 
TWO WAYS: AS PART OT ANOTHER 
NUMBER - LIKE 2013 OR 1.0G... 




WHAT IS IT THAT 
MAKES ZERO 
SO SPECIAL? 



'^...OR AS AtO 
INDEPENDENT 
^.NUMBER. A 



MY BOOK IS THE OLDEST KNOWN TEXT 
ABOUT ZERO AS AN INDEPENDENT NUMBER. 
I STATED: 



ZERO PLUS A POSITIVE NUMBER IS POSITIVE. 
ZERO PLUS A NEGATIVE NUMBER IS NEGATIVE. 
ZERO PLUS ZERO IS ZERO. 



ZERO MINUS A POSITIVE NUMBER IS NEGATIVE. 
ZERO MINUS A NEGATIVE NUMBER IS POSITIVE. 
ZERO MINUS ZERO IS ZERO. 



A NUMBER MULTIPLIED BY ZERO IS ZERO. 
A NUMBER DIVIDED BY ZERO IS... ERM... 



HM. IT GETS TRICKY 
WHEN YOU START 
DIVIDING BY ZERO. 



I THINK THAT WHEN 
YOU DIVIDE BY ZERO, 
THE OUTCOME IS 
INFINITY. 



BRAHMAGUPTA 

(INDIA. 7th CENTURY) 



BHfiSKARA 

(INDIA. 12TH century) 



NO NO NO I! I 

IF THAT WERE TRUE. 0 X CC 

THEN ZERO TIMES I 

INFINITY WOULD BE ANY NUMBER 
AND THAT MAKES NO SENSE! 



THEREFORE: 

YOU SIMPLY CAN'T 
DIVIDE BY zero! 



BUT... HOW ABOUT ZERO ' 
DIVIDED BY ZERO? A 
NUMBER DIVIDED BY ITSELF, 
S ALWAYS 1, ISN'T IT? 



GEORGE BERKELEY 

Clt?eLflND/€NGLflND, 10TH CENTURY) 
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THE MOST IMPORTANT 
AND MOST VERSATILE 
SCIENTIST or ANCIENT 
GREECE WAS 



ARISTOTLE 




I STUDIED EVERYTHING THAT WAS KNOWN 
IN MY TIME - FROM BIOLOGY TO PHILOSOPHY, 
FROM MATHEMATICS TO POETRY. 



SCIENCE WAS A VERY BROAD 
SUBJECT TO ME. I DIVIDED IT 
INTO THREE SUBAREAS; 





PRACTICAL SCIENCE 
DEALS WITH HUMAN ACTIONS 
SUCH AS ETHICS AND POLITICS 



POETIC / PRODUCTIVE SCIENCE 
INCLUDES DISCIPLINES OF A CREATIVE 
NATURE, SUCH AS POETRY, LITERATURE, 
FINE ARTS - BUT ALSO ALCHEMY 

THEORETICAL SCIENCE 
IS CONCERNED WITH FINDING TRUTH 
AND INCLUDES PHYSICS, MATH - 
BUT ALSO PHILOSOPHY AND THEOLOGY 




ARISTOTLE 

564 -322 B.C. 



A SMALL SAMPLE OF 
ARISTOTLE'S 
WORKS: 



AND THEN THERE IS LOGIC, 
WHICH IS THE FOUNDATION 
FOR ALL OF THESE! 
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MAP 

OF THE LIFE OF 

ARISTOTLE 



I will send you exotic plants 
from my many campaigns! 



THIS IS WHERE I WHS 

born! my father was a 

DOCTOR - THE WAY HE 
DID HIS JOB SURELY 
INFLUENCED MY OUTLOOK 
. ON science! 



THIS IS WHERE I RAISED 
A family! WE LIVED 
HERE UNTIL THE INVASION 
^ OF THE PERSIANS! 



STflGEIRAn 



ON THIS ISLAND I DID 
EXTENSIVE RESEARCH INTO 
THE LOCAL FLORA AND FAUNA! 



BY THE END OF MY LIFE 
I HAD TO FLEE ATHENS FOR 
POLITICAL reasons! 



THIS IS WHERE 1 
DIED, AGED 61! 



LATER, I FOUNDED MY OWN SCHOOL 
IN ATHENS: THE LYCEUM! THIS IS WHERE 
1 I WROTE MOST OF MY WORKS. 



GREECE, 4th century b.c 



HERE I TAUGHT A YOUNG 
ALEXANDER THE GREAT* 



MACEDONIA 



I fear our 
end is near! 



NOW: 

TURKEY 



G 



il 



I STUDIED AT PLATO S 
FAMOUS ACADEMY IN ATHENS! 



GREECE 
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fiRISTOTLE IS SAID TO HAVE LAID THE FOUNDATION FOR THE 

SCIENTIFIC METHOD 




IT’S NO USS TO LINGER EVERYTHING WE SEE 
TOO MUCH ON OUR AND FEEL IS MERELY 
PERCEPTION OF THIS fl SHADOW... 

TANGIBLE REALITY. / ^ 



...OF THE WORLD OF 
UNCHANGEABLE 
IDEAS THAT EXISTS 
BEYOND OUR 
VISIBLE reality! 



WT/MaT6. 



SOULS 



^^transience 



ULTIMATE REALITY IS NOT 
OUTSIDE OUR WORLD, BUT 
INSIDE everything! 



I HAVE A 
DIFFERENT 
VIEW: 



MY TEACHER PLATO ASSUMED THAT ULTIMATE REALITY 
WAS TO BE FOUND IN THE REALM OF IDEAS. 



THE WORLD CONSISTS OF THINGS THAT ARE CONSTANTLY CHANGING 
- IT IS BY STUDYING THOSE CHANGES THAT WE DISCOVER THE 
UNDERLYING CONSTRNTS! ,3 3^ 3^^^^, ^3 

ASPECTS OF THINGS THAT 
WE GAIN UNDERSTANDING 
OF THEIR essence! 
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THE 

SCIENTIFIC 

METHOD 




RESEfiRCH 

WHfiT DO WE fiiREftDV KNOW? 




HYPOTHESIS 



BASED ON WHAT 
I KNOW NOW, THIS 
IS WHAT I EXPECT 
THE OUTCOME 
WILL BE OF MY 

research! 





LOGIC PLAYS AN 
IMPORTANT ROLE IN 
THE SCIENTITIC METHOD! 







THE RESULTS ARE 
DIFFERENT THAN 

I expected! 



^=£ THE 
RESULTS 
ARE 
WHAT I 

expected! 



LET'S publish! ] 




I DESCRIBED TWO WAYS 0? LOGICAL REASONING: 



^ DEDUCTION 


INDUCTION 


- ALL HUMANS 


- 1 SEE A WHITE SWAN. 


ARE MORTAL. 


- 1 SEE ANOTHER WHITE SWAN. 


- ARISTOTLE IS 


- 1 SEE ANOTHER WHITE SWAN. 


HUMAN. 


- 1 SEE ANOTHER WHITE SWAN. 


SO 


-ETC. 



3 



ARISTOTLE 
IS MORTAL. 



SO 

ALL SWANS 
ARE WHITE. 







THIS HOLDS UNTIL I SEE 
fl COLORED SWaNl 
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SCIENCE 

IN THE 

MIDDLE ftGES 



fiRtSTOTLE 





MONKS IN 
WESTERN EUROPE 





WELL. 



WITCH 

BURNING 



EARTH IS THE 
CENTER OF THE 
UNIVERSE... 



SUPERSTITION 



SCIENCE? 

ONLY IF IT IS 
IN ACCORDANCE 
WITH THE BIBLE! 



WHEN YOU THINK OF THE MIDDLE fiGES, 
WHAT IMAGES COME TO MIND? 



I ALWAYS THINK OF THE DARK AGES 
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THOSE IMAGES ONLY HOLD TRUE FOR 
THE FIRST PART OF THE MIDDLE AGESl 



FROM 500 TO 10001 






THEY WERE TIMES OF DISCOVERIES 
AND re-discoveries! OF PRACTICAL 
INVENTIONS AND BEAUTIFUL RELIGIOUS 
ART AND culture! 



THE MIDDLE AGES WERE SO MUCH MORE 
THAN JUST SUPERSTITION AND DISEASE! 



ROMAN 

ANTIOUITY 



EARLY 

MIDDLE AGES 



HIGH LATE 

MIDDLE RGBS MIDDLE AGES 



C AND THEN ONLY FOR THE 
WESTERN PART OF EUROPE! 



Trance, 
Germonu, 
England. 
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THE MIDDLE PIGES 
fiT A GLANCE 



COMPftSS PAPER + 

PRINTING 

THESE flLREFiDY EXISTED IN CHINA 
CbUT HAD NOT REACHED 
THE WEST YET) 



BEGINNING OF 

ISLAM e> 

IN THE ^ 
MIDDLE EAST 



VIKING INVASIONS 

BTH-IOTH CENTURY 



STIRRUPS 



ISLAMIC 

EXPANSION 



POVERTY 
AND UNSATETY 
^ IN MANY PARTS 
^ OF EUROPE 



FALL OF THE 
ROMAN 
EMPIRE 



« SOHTOT 
FLAME-THROWER 
(USING SULFUR) , 



EDUCATION? 



VSOME FOOD’ 



( INTERESTING I 



SCIENCE MEANS ^ 
TO US: FIGURING 
OUT GOD'S 
DESIGN OF HIS 
CREATION, 
THROUGH LOGIC 
AND experiment! 



TRANSLATED WORKS 
OF ARISTOTLE AND 
ANNOTATED them! ' 



CRUSADES 



CROSSBOW 



LET'S TRANSLATE 
THESE INTO LATIN! 



TOO dangerous! 

I FORBID it! 



UNIVERSITIES 
IN % 
EUROPE # 



I TRAVELLED 
THROUGHOUT ALL 
or ASIA: FROM 
BEIJING TO 
SINGAPORE! 



COMPASS 



TRADE AND DISCOVERY VOYAGES 



SPINNING 

'RkWHEEL 



WINDMILLS 



WE ARE 
TRADING WITH 
THE EAST! 



AVERROES 

1126-1T9B: 






D . r you're \ 

1 / 5_^TINflLLYWEf..pROGRESSriL LATE! J 

L (hurray! 1 SEE SOME . A^ j 








^1— Mk 
^ jra 













■ ■■ 1 

mf 
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We'RE WAY 
AHEAD OF 
I YOUl 






we HfiVE 
paper! 



t DISCOVERED 
THE DITFERENCE 
BETWEEN 
SMALLPOX AND 
•me MEASLES! 



I ARRANQS> 
CHEMICAL , 
ELEMENTS ! 



CRUSADES 



THE CHRISTIANS 
ARE ATTACKING! 



I WAS THE 
FOUNDER OF 

optometry! 



THEY ARE TRYING 
TO CONQUER 
JERUSALEM! 



I POPULARIZED 
THE USE OF 



INDIAN NUMERALS!] 



WROTE THE 
CANON OF 
MEDICINE ! 



WITH ME, 

A NEW ERA SEGAN: 
THE RE-BIRTH OF THE 
k CLASSICAL ARTS! 



LEONARDO 
DA VINCI 



THE BLACK DEATH 



PRINTING PRESS 



OOPS!. 



WHY ^ 
DOESN'T 
GOD 

SAVE US? 



W92; 

COLUMBUS 

DICOVERS 

AMERICA 



A SOUVENIR 
FROM CHINA.. 



^ THIS ILLNESS^ 
[ UNDERMINES } 
^ THE POWER S 
for THE church! 



WHAT IS 
iTHIS?! 



THE ' 
RENAISSANCE 



MOW WE CAN PASS ON 
KNOWLEDGE SO MUCH 
EASIER! 



THE PLAGUE KILLED A THIRD OF THE POPULATION 



1350 



1436 



CHARLEMAGNE promoted science and education 






WE HAVE UNIVERSITIES 



MEANWHILE, IN 
MUSLIM AREAS 



WE ARE STUDYING 
THE GREEKS! 



SCHOOLS WERE TOUNDEO N MONASTERIES 



EDUCATION I 
« FOR I 

h all!* ^ 

s free! fl grammar 

LOGIC. 



WE CONDUCT 
SCIENCE 
BASED ON 
LOGIC AND , 
EXPERIMENT 
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THE MEDIEVAL WORLDVIEW 




CHRISTIAN 

doctring! 



jUPITe/? 



VENUS 



ANCIENT GREEKS 



THIS VIEW IS fl SYNTHESIS OT THE 
MODEL I DEVISED IN THE SECOND 
CENTURY... ^ — ^ 






PEOPLE THOUGHT THE 
UNIVERSE LOOKED LIKE THIS 



THAT WOULD BE 
ME. OF COURSE! IN 



CHRISTIANITY, 
AT LEAST. 



KNOW EXACTLY, 



iT'^.;.«MOVeDMO^-pa 



ALL STARS 
AND PLANETS 
ROTATE IN 
THEIR 
APPOINTED 
SPHERES’^ 



BUT WHO OR WHAT 
STARTED THEIR 
MOVEMENT? 
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SEE HOW THESE \ 

GfiSES ESCAPE FROM THE 
BURNING STICK? 

THE WOOD CONTAINS AIR! 



/WHEN THE STICK BURNS, 
' THE FLAMES SEEM TO 
MULTIPLY - SO THERE MUST 
BE FIRE ALREADY IN IT! 



ETHER ^ 

IS THE ELEMENT OF 
THE HEAVENS: PURE 
AND unchangeable! 



LOOK, DROPS OF 
1^ FLUIDS COME FROM 
THE BURNING WOOD! 
SO IT CONTAINS WATER! 



AND EVENTUALLY. 
ONLY ASHES REMAIN 
WHICH ARE EARTH! 



NOTE 



'6THER' HAS MORE MEANINGS! IT IS ALSO A KIND OF ANESTHETIC GAS AND AN 
OUTDATED CONCEPT IN THEORIES OF ELECTROMAGNETIC WAVES. BUT ON THIS PAGE, 
ETHER IS DESCRIBED IN ITS DEFINITION AS ONE OF THE CLASSICAL ELEMENTS. 



IN THE MIDDLE AGES IT WAS THOUGHT THAT THE UNIVERSE WAS MADE OUT 
OF FIVE BASIC ELEMENTS: EART H, WATER, A IR, FI RE... 



ALL THINGS ARE MADE 
OUT OF A COMBINATION 
OF FOUR elements! 



ITfi 



TfiKE THIS STICK 
FOR eXfiMPLE... 



THIS WAS 
NOT A 
NEW 
IDEA; 



ARISTOTLE HAD ALREADY 



WRITTEN ABOUT IT IN 



THE FOURTH CENTURY B.C 



ARISTOTLE 

3B4-322B.C. 
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THE FIVE ELEMENTS MAKE ft NICE NATURAL 
LEAD-IN TO A CHAPTER ABOUT CHEMISTRY! 







BUT IN THE MIDDLE AGES IT 
WASN’T CALLED CHEMISTRY YET! 
IT WAS ALCHEMY THEN! 



-y 
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CHEMISTRY 




CHEMISTRY IS... 




"ft SCIENCE THAT DEALS 
WITH THE COMPOSITION, 
STRUCTURE AND 
PROPERTIES OF 
SUBSTANCES AND WITH 
THE TRANSFORMATIONS 
THAT THEY UNDERGO. " 






...NITRO- 

GLYCERIN! 



AMMONIA, 

TURPENTINE, 

CHLORINE... 



WHEN YOU MAKE TEA CH3 



WHEN YOU WASH YOUR HAIR 



WHEN YOU BREATHE 

Oj 
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NITROGLYCeRIN?l 



ISN'T THAT THE STUTT THEY 
USED TO BLOW UP MOUNTAINS 
AND TRAINS IN THE OLD WEST? 






DYNPlMlie?! 



NITRO DILATES 
THE ARTERIES. 



WE HAVE NITROGLYCERIN HERE 
AS A SPRAY AND IN PILL TORM.. 



JUST IN CASE MY 
HEART ACTS UP! 



...THEN LET MG TELL YOU ABOUT A 
SUBSTANCE IN THIS HOUSE THAT IS 
WAY MORE DEVASTATING! AND THERE'S 
A WHOLE LOT OT IT AROUND! 



WELL, 

YOU’VE GOT 
TO KEEP IT 
AWAY TROM 
TIRE, OT 

course! 



WHflT/s 

WHflT/S/ 



BUT IT YOU 
THINK THAT'S 
A SCARY 
IDEA... 
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OXYGEN 



IT DEVOURS EVEN THE HARDEST OF METALS 



IT IS TH6 CAUSE OF FIRE AND EXPLOSIONS! 

^ 



CHEMISTRY IS \-J EVEN IN 
ALL AROUND... r\ YOU! 



I LL NEVER 
BREATHE 

. again! 
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CHEMISTRY 

IS 

ALL AROUND 
US 





IT’S 

myst- 

icism! 



WHEN DID CHEMISTRY START? 



HISTORY OF 

CHEhlSTRY 



— — y o® 



WITH TH£ 

DISCOVERY or FIRE? 



DYEING 

CLOTHES? 



WITH 
COOKING? 



SMELTING 

METAL? 



COPPER + TIN 
= BRONZE 



EARLY IN HUMAN HISTORY PEOPLE STARTED TO] 
STUDY SUBSTANCES AND THEIR PROPERTIE S. 

WATER EWTORfiTES J tN ESSENCE, IT IS MADE OUT OF 
INTO STEAM. FREEZES UNCHANGEABLE 
INTO ICE - YET IT IS 
STILL THE SAME 
SUBSTANCE! 



THEY DISTINGUISHED BASIC ELEMENTS 
AND BASIC PROPERTIES. 



c 



CALL THEM 



PARTICLES! 



NON-CUTTABLE 



PROPER! ES 






. EVERYTHING EXtSTS 
OUT or ONE OR MORE 
0? THESE TOUR 

elements! 



AND everything 
POSSESSES AT 
LEAST ONE OT THESE 



AND THEN THERE^S THE 
TtTTH ELEMENT: ETHER, 
WHICH HAS NO 
PROPERTIES. 



USSK 



PRECIOUS METfiLS WERE DISCOVERED, 
SUCH flS GOLD, 



THE SEARCH TOR THE RECIPE OT GOLD LED TO 
ALCHEMY, THE PRECURSOR TO CHEMISTRY. 



WE ARE SEARCHING TOR THE 
PHILOSOPHER'S STONE. WHICH 
WILL ENABLE US NOT ONLY TO 
MAKE GOLD. BUT ALSO THE 

PI IVIP OF I IFPt 



like!!! 

want!!! 



MAYBE WE CAN MAKE 
GOLD OURSELVES, TROM 
OTHER, CHEAPER METALS! 



ALCHEMY 
IS NOT 

science! 



LETS 

try! 






MAYBE WE CAN CURE BASE METALS, SUCH AS 
LEAD, SO THEY BECOME PRECIOUS, LIKE GOLD! 
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I PRACTICED 
ALCHEMY 
TO FIND, 

medicine! 



1 APPLIED 
MYSELF TO , 

mineralogy! 



I WROTE 
THE FIRST 

chemistry 

manual! 



YOU SHOULD BE 
MYSTERIOUS 
ABOUT ITfOR 
ELSE EVERYONE 
wia START 
DOING it! 



ARE - 
>YOU„,. 
MAD?! 



PARACELSUS 

1493-1541 

SWITZERLAND 



leORG agricolS JCTN beguin 

1A9V16SS I 1SSO-t6ilO 

TRANCE 



ROBERT BOYLE 

isii-mt 

IRELAND/ENOLAND 



GERhflNY 



FIND t DISPROVED 

phlogiston! 



anto^^^I^v^^isier 

TRANCE 



ALL matter 

consists of 
atoms! 



IN 1869 , 63 ELEMENTS WERE KNOWN, AND I ARRANGED 4- 
THEM IN A TABLE BASED ON THEIR ATOMIC WEIGHT: JL 

THE PERIODIC H , , ' 4,^ -T 

TABLE ! 1" T T" “5" T” “I" T : 



inorganic 



I JUST MADE 
UREA IN MY 

laboratory! 



DIMITRI MENDE 
1B34-1907 



BERZELIUS [FRIEDRICH WSKLERI JOHN DALTON 
1779-1840 I 1800-1002 I 1760-1044 



RUSSIA 



ENGLAND 



GERMANY 



TVROCINIUh 
' CHYMiCUh . 
; 1610 = 
<CH6MISTRY' 
TOR ( 
BEGINNERS) 



t'^CHEh*STRY‘‘ 



EUROPEF^N RLCHEhrSTS 
12TH-15TH CENTURY 



MUSLIM SCHOLARS WERE THE FIRST TO 
PRACTICE ALCHEMY IN A RA TIONAL MANNER 

WORK IN A LABO^TORY! 

WRITE EVERYTHING DOWN! 



IN THE RENAISSANCE PERIOD AFTER THE 
MIDDLE AGES. ALCHEMY MADE PROGRESS. 



I STRESSED THE 
IMPORTANCE OF 
EXPERIMENTS! 



TaTHER 
W 0? 



JBBiR IBN HBYYfiN 
GGBGR 

IRBQ, 721-91S 



CHEMISTRY IW THE MODERN SENSE STARTED IN THE EIGHTEENTH CENTURY. 



BLWftYS MftKe CflRETUrr 
\PWTftf j 



THANKS TO THIS MAN 

ANTOINE 

LAVOISIER! 



MEASUREMENTS 



WHATR 

CURIOUS 

PAINTING! 

0“ 



MY FAMOUS LAW 



IN A CHEMICAL 
REACTION, 
MATTER IS 
NEITHER 
, CREATED 
3 NOR 
* DESTROYED. 



ALSO DISCOVERS! THAT WATER 
AND AIR ARE NOT ELEMENTS! 



WATER ~ 
HYDROGEN + OXYGEN 



HOT ISSUES IN THAT TIME WERE THE 
DEBATES ABOUT VITALISM AND ATOMISM. 



AND ALSO THE MATTER OF HOW MANY ELEMENTS 
THERE ARE AND HOW TO ARRANGE THEM. 



ORGANIC MATTER 
CAN NOT COME FROM 
rTPPi 
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THE PERIODIC TABLE 




LITHIUM 



I DISCOVERED THAT, 
WHEN YOU ARRANGE 
ELEMENTS ACCORDING TO 
THEIR ATOMIC WEIGHT. 



BERYLLIUM 



THIS WftS ONG OT THE ELeiGMTS 
THBT WBS NOT YET DISCOVERED IN 




■CERTAIN PROPERTIES 
REPEAT THEMSeiveSl 






RECURRING IN SO- 
CALLED periods! 






DIMITRI 



DID you KIIOW 
THAT THE EARTH 
IS ONE-THIRD 
IRON? 



IT 

Nft 


12 

Mg 


V 






MENDELEEV 

193^1907 

RUSSIB 








SODIUM 


MftGNESlCfM, 


















19 

K 


20 

Cfi 




'll 'I 

Sc 


^T\ 


23 

V 


24 

Cr 


2S 


Te 


Jto 


POTBSSIUM 


CBLCIUM 




SCBNOIU^ 


jf TITBNIUM 1 


VBNBDIUM 


CHROMIUM 


MBNGBC^g 


IRON J 


I^BBLT 


S7 

Rb 


39 

Sr 






Zr 


41 ' 

Nb 


42 

Mo 


43 

Tc 


Ru 


,4S 

Rh 


RUBIDIUM 


STRONTIUM 




YTTRIUM 


ZIRCONIUM 


NIOBIUM 


MOLYBDENUM 


TECHNETIUM 


RUTHENIUM 


RHODIUM 


SS 

Cs 


S6 ' 

Bb 


S7-70 


71 

Lu 


72^ ' 

Ht 


73 ! 

Tfi 


rv 


73 

Re 


76 

Os 


77 

Ir 


CBESIUM 


BARIUM 




LUTETfUM 


HBTNTUM 


TBNTflLUM 


TUNGSTEN 


RHENIUM 


OSMIUM 


IRIDIUM 


liTRBNCIUM 1 


1 RBDlUM 


99-102 


103. 

Lr 

LBWReNClUM 


Rt 

BLITHeRroajDKJM 


lOSr^ 

D B 

DUBNIUM 


“Sg 

® 

S6B&OR0IUM 


’"Bh 

@ 

BOHRIUM 


108. 1 

ns 

KBSSIUM 


109 

MEITNERIUM 



M19 



LfiNTHflNOIDS 



THESE ELEMENTS HAVE 
NOT BEEN MfiDE YET! 



BUT THEY’LL PROBABLY 
EXIST BY THE TIME 
YOU READ THIS! 



57 


59 


59 


GO 


61 


62 


63 


Lfl 


Ce 


Pr 


Nd 


Pm 


Sm 


Eu 


LBNTHBNUM 


CERIUM 


^SeOOTMKJh' 


NEODYMIUM 


PROMETHIUM 


SAMARIUM 


EUROPIUM 


“’Ac 


O 

H 

X 


Tfi 




”Np 


’*Pu 


’'Am 


MM 














flCTINiUM 


THORIUM 


PROTACTIMW 


URBNIUM 


NEPTUNIUM 


PLUTONIUM 


AMERICIUM 



ACTINOIDS 




GLEMeNTS IN THG SOME VERTICAL 
[ROW ARE CALLED A GROUP AND SHARE 
SIMILAR CHEMICAL PROPERTIES? 




9S?i 0? THE HUMAN 
BODY IS MADE OUT OF 
CARBON, NITROGEN 
AND oxygen! 

1 



LIKE 

COPPER. 
SILVER & 

gold! 












_1 

<c 


Si . 


15 

P 


16 

s 


17 

Cl 


16 

PiR 










ALUMINUM 


SILICON 


PHOSPHORUS 


SULTUR 


CHLORINE 


ARGON 
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1 SO 


St 


S2 


S3 


S4 1 


S5 


S6 


Co 


Nil 


1 J 


1 


Gfl 


Ge 


fls 


Se 


Br , 


Kr 


COBALT 


NICKEL 1 


L COPPE^ 


f ZINC 


GALLIUM 


GERMANIUM 


ARSENIC 


SELENIUM 


BROMINE 


KRYPTON 


45 


46 g 




146 1 


49 


SO 


51 


52 


5S 


54 


Rh 


PdI 


Bg] 


1 Cd 


In 


Sn 


Sb 


Te 


1 


Xe 


RHODIUM 


PALLADIUI^ 


L SILVER^ 


[ CADMIUM 


INDIUM 


TIN 


ANTIMONY 


TELLURIUM ^ 


IODINE 


XENON 


77 

Ir 


76 I 

PtI 


fiul 


1 Hg! 


8t 

Tl 


82 

Pb 


8S 

Bl 


f'Po 


""Pn 


“Rn 


IRIDIUM 


PLATINUM™ 




f MERCURY 


THALLIUM 


LEAD 


BISMUTH 


POLONIUM 


ASmiNE 


RADON 




“Ds 


"Rg 


1f2^ 

Cn 


113, , 

UUT 


114* 

Fl 


115. , 

Uup 


116 

Lv 


117, , 

(Jus 


,110| . 

Uuo 


® 






(AA 

vft/ 














MEITNERIUM 


WWMSTflDTIUM 




COPERNICIUM 


UNUNTRIUM 


FLEROVIUM 


UNUNPaiTtUM 


LIVERMOHIUM 


UNUNSePTIUM 


UNUNOCTIUM 



THESE 
ARE THE 
NOBLE, 

gases! 



= RADIOACTIVE 
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65 


66 


67 


66 


69 


70 


Gd 


Tb 


Dy 


Ho 


Er I 


Tm 


Yb 


GADOLINIUM 


TERBIUM 


DYSPROSIUM 


HOLMIUM 


ERBIUM 


THULIUM 1 


YTTERBIUM ’ 


96 a 

Cm 


”Bk 


9Ba 

Ct 


”Es 


100* 

Fm 


KA 

Md 


“No 






© 










CURIUM 


BERKELIUM 


CALIFORNIUM 


einsteinium 


FERMKJM 


MENOELEVIUM 


NOBELKJM 



94 OF THE KNOWN ELEMENTS 
OCCUR NATURALLY ON EARTH! 




THG OTHERS ARE MADE 
ARTIFICIALLY IN 
EXPERIMENTS WITH 

radioactivity! 



SOME OF THEM EXIST ONLY 
FOR A FRACTION OF A SECOND 
BEFORE THEY DECAY INTO 
OTHER ELEMENTS. 
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BN ATOM CONSISTS OF fl 1 
NUCLEUS WITH POSITiVELYl 
CHARGED PROTONS IN IT, i 
AND AROUND IT A SHELL 
WITH NEGATIVELY . , 

CHARGED ELECTRONS I J 



THE NUMBER OF PROTONS 
IN THE NUCLEUS DICTATES 
THE PLACE OF AN ELEMENT 
ON THE PERIODIC TABLE 
- NOT THE WEIGHT OF 
THE atom! 



THOSE ELECTRONS 
CIRCLE AROUND 
THE NUCLEUS 
IN FIXED / 

ORBITS 1 / 



NUCLEUS 0 



THIS IS. FOR 
INSTANCE. 
helium! 

IT HAS ATOMIC 
NUMBER 21 = 



NEUTRON 



PROTON 



RUTHERFORD 

1B7M937 



NIELS BOHR 
180€r1962 
DENMARK 



HENRY MOSELEY 
1887-1915 



JAMES CHADWICK 
1891-1974 



ENGLAND 



NUCLEAR CHEMISTRY 
STARTED WITH OUR 
DISCOVERY OF RADIO' 
L ACTIVITY, IN1S96! 



WHAT IS THE EFFECT 
OF HUMAN ACTIONS 
ON THE BIOSPHERE? 



AND MANY 
OTHERS. 



MEDICINE 



IN THE TWENTIETH CENTURY, THE UNDERSTANDING OF 
THE STRUCTURE OF ATOMS RAPIDLY INCREASED. 



IN THE NUCLEUS 
WE FILSO FIND 
NEUTRONS, 
WITH NO 
ELECTRICAL 

charge! 



IN A GREAT NUMBER OF SUBAREAS. 



SINCE THEN. CHEMISTRY HAS BRANCHED OUT 



STUDIES THE 
STRUCTURE OF DNfl, 
AMONG OTHERS. 



CHEMICAL KNOWLEDGE HAS BEEN APPLIED TO ALMOST EVERYTHING AROUND US! 



LIKE NUCLEAR CHEMISTRY 



BIOCHEMISTRY 



EXAMINES THE RELATION- 
SHIP BETWEEN ELECTRICAL 
ANO CHEMICAL PROCESSES. 



ENVIRONMENTAL CHEMISTRY 



ELECTROCHEMISTRY 



AGRICULTURE 



CLEANING 



FUEL 
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& ether! 



WE DISCOVERED 
MOLECULES ! 



AND HOW THEY ARE MADE OUT 
OF DIFFERENT ATOMS ! 



EVERY ELEMENT 
HAS ITS OWN 
SPECIFIC ATOM 



note! 






THE MEANING OF 'ELEMENT* ^ IT IS NOW: fi SUBSTANCE CON- 
HAS SHIFTED OVER TIME! M SISTING OF ONE KIND OF ATOM! 



ELEMENTS 



(WATER) 



COMPOUND 

SUBSTANCE 



SINGLE 

SUBSTANCE 



AND WHAT DO SUBSTANCES CONSIST OF? 



Q 



CHEMISTRY IS 



THE ART OF 
PLAYING 
AROUND WITH 

substances! 



WE USED TO THINK IT WAS FOUR 

ELEMENTS: (“1 

FIRE, WATER, ^ 

AIR AND 

earth! T 



ANCIENT GREEKS 
CENTURIES B.C. 



LfiVOISlER 



IBTH CENTURY 
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PLfiYING AROUND WITH ELECTRONS, 
PROTONS AND NEUTRONS IS 
STRICTLY SPEAKING NOT CALLED 
CHEMISTRY, BUT PARTICLE PHYSICS! 



YES, 

MAKE THINGS EVEN 
MORE COMPLEX, 
WHY DON'T YOU?! 
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THE PATTERN 
THIS 

PRODUCES, 
GIVES A // 
VERY U 

detailed'^ 

IMAGE. 



BY NOW, 

we CAN see 

ATOMS WITH AN 
ELECTRON 
MICROSCOPE. 



HOW DO we KNOW ALL THAT 
STUFF ANYWAY? ATOMS 
AR6 TOO SMALL TO BE SEEN* 



BY INDIRECT OBSERVATION! 
BY ANALYZING THE BEHAVIOR 
OF SUBSTANCES IN 
CHEMICAL processes! 



EXPERIMENT, 
OBSERVATION 
AND logic! 



TIRE AWAY 
AND SEE WHAT 
HAPPENS! 



(5 



we HAVE ALSO LEARNED A LOT ABOUT THE STRUCTURE 
OF ATOMS BY BOMBARDING THEM WITH SMALLER PARTICLES 
AND SEEING HOW THEY ARE DEFLECTED - OR NOT 






THIS APPARATUS 
FIRES ELECTRONS 
AT AN ^ 
OBJECT. ( I 1 



YES, BUT A VERY SMART ^ 
I MONKEY WITH A TECHNO- ( 
I LOGICALLY ADVANCED STICKM 



BOMBARDING? 



TOR INSTANCE, 
WITH AN 
ELECTRON GUN! 



C THAT SOUNDS A BIT ^ 
LIKE A MONKEY POKING 
AROUND WITH A STICK! 
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MRS. 

SCIENTIST 



WHAT A \ 
REMARKABLE | 

painting! J 








r 



BUT LOOK PIT THAT COMPOSITION! 



^ 

IT IS CALLED: 


r 


ANTOINE LAVOISIER [ 
AND HIS wife! J 






PAINTED IN 1768 BY JfiCQUES-LOUIS DAVID 




SHE IS THE ONE WHO IS 
DEPICTED IN THE CENTER, 

IN A GORGEOUS DRESS, 
CATCHING THE LIGHT... 

...WHILE HE IS ONLY PARTIALLY 
DEPICTED, IN DARK CLOTHES, 
LITERALLY IN HER SHADOW! 




AND LOOK AT THE WAY HE 
LOOKS UP AT her! 
WITH SUCH SERVILE 

anticipation! 






THAT COMPOSITION 
CAN’T BE accidental! 



DC 



The Lavolsiers comtnissioneol 
tiiU painting themselves! 



THIS PAINTING SAYS: IT IS NOT HE, BUT SHE WHO IS 
THE BRILLIANT SCIENTIST OF THE TWO! 






Look at these 
oletoUs! 



c 



IT MIGHT MAKE YOU WONDER 
ABOUT THE ROLE OF WOMEN 
IN science! 



: U I 



HOW MANY WOMEN HAVE MADE 
THEIR MARK IN SCIENCE 
WITHOUT IT EVER BEING 
RECORDED IN HISTORY? 



BRILLIANT, 

BUT 

INVISIBLE? 



.AND SHE ASSISTED HER HUSBAND 
IN HIS laboratory! 



IE LAVOISIER WAS A VERY INTELLIGENT WOMAN: 
SHE TRANSLATED BOOKS ABOUT CHEMISTRY AND 
ANNOTATED THEM. SHE CORRESPONDED WITH 
OTHER SCIENTISTS... 
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^ except WITH 
X us IN BOLOGNA 
fA ITflLYl 



P£iir 



TO STUDY, THAT IS, 
NOT TO TEACH 
OF coursbI 



AN ARISTOCRAT, 
LIKE Mel 



GERMANY, WHERE 14% 
OF ALL ASTRONOMERS 
WERE women! 



ENTOMOLOGIST 
& ILLUSTRATOR 



FIRST 
WOMAN TO 
DISCOVER 
A COMET 



\^iS^,CTE.N, 



MARGARET CAVENDISH 

1S23-1673 

ENGLAND 



MARIA WINKELMANN 

1670-1720 

GERMANY 



MARIA SIBYLLA MGRIAN 
f6-'t7-1717 
GERMANY 



I WAS THE WIFE OF 
PYTHAGORAS, AND A 
MATHEMATICIAN 
MYSELFl 



I WAS CHIEF 
PHYSICIAN IN 
ANCIENT 
EGYPT! 



I WAS AN ALCHEMIST 
AND INVENTED THE 
BAIN marie! 



THAT ISi 

THE GRADUAL 
HEATING OF 
SUBSTANCES 
BY PUTTING 
THEM IN A PAN 
OF WATER AND 
BOILING ITl 



I TAUGHT 
MATHEMATICS, 
PHILOSOPHY 
AND < 
ASTRONOMYl 



BeFORE THE 
PYRAMIDS 
WERE BUILT! 



HYPATIA OF ALEXANDRIA 

±350-415 



FROM ANTIQUITY, A FEW NAMES OF FEMALE SCIENTISTS HAVE SURVIVED. 



i: 



WAS HEAD OF THE PLATONIST 
SCHOOL IN ALEXANDRIA! 



MERITH PTAH 

±2700 B.C. 
EGYPT 





THEflNO 


THE PROPHETESS , 






6TH CaiTURY B.C. 


f BETWEEN tST AND 3sp CeNTURT 




GREECE 


few SYRIA M 





IN THE MIDDLE AGES, SCHOLARLY WOMEN FOUND THEIR PLACE IN MONASTERIES. 



I WAS A BENEDICTINE^ 

abbess! 



AROUND THIS TIME, THE FIRST UNIVERSITIES WERE 
FOUNDED, BUT WOMEN WERE 
NOT WELCOME HERE... 



I WAS ACQUAINTED 
WITH POPES AND 
WIDELY RESPECTED! 



MYSTIC, 

HEALER, 

COMPOSER, 

AUTHOR... 



AMONG OTHERS 
OF THIS BOOK 
ABOUT PHYSICS: 



HILDEGftRD OT BINGEN 
1098- im 
GERMANY 



THE SIXTEENTH AND SEVENTEENTH CENTURIES SAW THE SCIENTITIC REVOLUTION. 
WOMEN HOD LITTI^e OPPORTUNITY TO BE Pflin 07 IT, BUT THERE WERE fl TEW NONETHELESS. 

IT 4-1 IF vrv roc \ L jt vmi i ucue £i — ... A I a r-t \ 



OR IF YOU HAVE A FATHER 
WHO'S A TEACHER, LIKE I DiDt 
AND A HUSBAND WHO SHARES 
YOUR INTERESTS! 



OR IF YOU GET A CHANCE 
TO TRAVEL TO SURINAM, 
LIKE I DID! 



ASTRONOMER 

5 1 
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IN THE EIGHTEENTH CENTURY, MANY WERE INSPIRED BY NEWTON'S DISCOVERIES 



I DISCOVERED TEN NEW 
HEAVENLY BODIES WITH 
THE TELESCOPE NEWTON 

invented! 



I TAUGHT NEWTON’S 
NEW PHYSICS AT THE 
UNIVERSITY or 

bologna! 



I TRANSLATED NEWTON'S 
WORKS INTO TRENCH! 



DU 

CHftTELET 
IS A GREAT 
MAN WHOSE 
ONLY FAULT 
IS BEING A 
^WOMAN"! 



AND WAS 
THE LOVER 
OF FAMOUS 
AUTHOR 

VOLTftiRE 



AND THERETORE 
I'M THE WORLD'S 
TIRST TEmiE 
PROFESSORl 



tMILIE DU CHfiTELET 



LAURA BASS! 

17«-!T76 



CAROLINE HERSCHEL 

l7S0-1fl48 

GERMflMY/ENGLflND 



IN THE NINETEENTH CENTURY, NEW RREFIS OPENED UP - ALSO TO ft FEW WOMEN 



NflUTiCflL 

astronomy! 



magnetism!! Cf^^LEONTOLOGY! 



COMPUTER SCIENCE 



STATISTICS 



WAS THE WORLD^S 
TIRST COMPOTp 

programmer! 



IT EXISTED 
fiLREfiOr, BUT NOW 
MUCH FINER 

TTX INSTRUMENTS . 

ARE available! 



i USED STATISTICS 
TO REFORM THE 
BRITISH HEALTH 
CARE SYSTEM! 



MARY 



FLORENCE NIGHTINGALE 
fB20-1910 
ENGLAND 



17B0-1S72 

SCOTLAND 



THANKS TO THE WOMEN'S LIBERATION MOVEMENT IN THE TWENTIETH CENTURY, 
WOMEN STARTED TO PARTICIPATE MORE IN MANY FIELDS OF SCIENTIFIC RESEARCH 



I WAS THE FIRST 
AMERICAN WOMAN TO 
GET ONE. IN 1?47! 



I WAS THE FIRST WOMA| 
WIN A NOBEL PRIZE 



WE GOT ONE IN 2009! 



IN 1903! "j; 



SINCE THEN* TWELVE 



MORE WOMEN IN 
SCIENCE RECEIVED 
A NOBEL PRIZE - 
THE MOST ^ 
RECENT RECIPIENTS 
(AT THE TIME OF 
MAKING THIS BOOK) 



I IN BIO- n 
CHEMICS!" 



CAROL GREIDER 
B. 1961 
AMERICA 



MARie CURIE 

16S7-1934 

POLAND/FRANCE 



MARY ANNING 


ADA LOVELACE 


MARIA MITCHELL 


1799 -m? 


161S-tflS2 


(SIS- 1669 


ENGLAND 


ENGLAND 


AMERICA 



IRENE JOLIOT-CURIE 


GERTY CORI 1 


ELIZABETH BLACKBURN f 


1 1697- 19S6 


1696-19S7 1 


B. 19^0 1 


1 FRANCE 


AMERICA 1 


australia/america I 



B1 




COME GtRLIE, GIVE US 
YOUR photographs! 



I'LL SEE THAT 
YOU GET 
THEM, BOYS 
DON'T worry! 



LIKE YOU UNDER- 
STAND WHAT S 
ON THEM ANYWAYI 



IT WASN’T JUST WOMEN WHO 
HAD TO STRUGGLE! MANY MALE 
SCIENTISTS ARE ALSO UNFAIRLY 
TORGOTTEN AND DISREGARDED! 



JUST joking! you don't 
UNDERSTAND OUR 
AMERICAN HUMOR] 



TOO bad! 
PROVE it! 



WOMEN IN SCIENCE HAD TO 
HOLD THEIR OWN IN A MEN'S 
world! THEY WERE OFTEN 



L KE B OPHYS C ST ROSALIND FRANKL N C1920-19S8) 



THE THREE MEN 
RECEIVED A NOBEL PRIZE 
FOR THEIR WORK 
IN 1962. 



ROSALIND HAD DIED FROM 
CANCER FOUR YEARS BEFORE 



WATSON + CR CK 



WILKINS 



SOM6T MBS BECAUSE OF SHEER BAD LUCK 



I ORGANIZED 
THE CHEMICAL ELEMENTS 
IN THIS SPIRAL MODEL'. 

rn c: 



LKETHE 



TRENCHMAN 



ALEKANDRE-EMILE 
B§6UYER DE 
CHANCOURTOIS 
(1620-1SB6). 
WHO INVENTED A 
PERIODIC TABLE 
YEARS BEFORE 
MENDELEEV 
BECAME 
FAMOUS FOR IT. 



UNFORTUNATELY THE 
ILLUSTRATION WAS NOT 
PRINTED WITH MY PUBLICATION 
IN 1862, SO NOBODY REALLY 
UNDERSTOOD IT... , 



PLUS I was a (JEOLO(JIST, 
not a DEMIST, so I wasn't 
keord bij the ri^t ouctience. 



...AND SOMETIMES BECAUSE OF HARSH COMPETITION AND RIVALRY, LIKE NICOLA TESLA! 



HEY MARCONI! THE WIRELESS 
RADIO IS MY INVENTION !!! 



HEY EDISON! WEREN'T YOU GOING TO 
PAY ME $50,000 FOR IMPROVING 
YOUR ELECTRICAL SYSTEM? 



His ideas oboot : 
ALTERNATlNq CURRENT ( 
are much betier than 
Tfiine about 
DIRECT CURRENT ! 



856 



19J(3 
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DINOSAUR 



(WHICH He CflLLeO 
IGUANODON.) 



PROMINENT GEOLOGISTS 



IN HIS EAGERNESS TO GET 
RECOGNITION TOR HIS DISCOVERY, HE 
WENT INTO HUGE AMOUNTS OT DEBT. 



AND I GAVE DINOSAURS 
THEIR NAME Ttf 



tM 

LOStNG MY 
PRACTICE 



AND I 

HAVE TO SELL 
MY COLLECTION 
OTTOSSILS ^ 






THE M OST POIGNA NT STORY IS PERHAPS THAT OT GIDEON MANTELL (1770-10523 

THESE FOSSIL TEETH DON'T BELONG TO ANY 



THESE FOSSIL TEETH DON T BELONG TO ANY 
ANIMAL we KNOW - IT MUST HAVE BEEN SOME 
KIND OF GIANT REPTILE! 



MANTELL WAS A 
BRITISH DOCTOR. 
GEOLOGIST AND 
PALEONTOLOGIST 
HE DISCOVERED 
THE FIRST 



Nowouj!Theu_ O a RHINO! 
bdon q io some Rina 

V Hmr 



HE COMMITTED SUICIDE IN 1852 



IN 18^1 HE mo 

m ACCIDENT THAT 
SHATTERED HIS SPINE 



AND RICHARD 
OWEN IS ALWAYS 
HARASSING MEF 



And J put 

Moniell's deformed spine 
i on display 



in my museum 



c 



YOU'D THINK THAT THE PRACTICE 
OT SCIENCE IS PURELY RATIONAL, 
OBJECTIVE AND LOGICAL - 
IN OTHER WORDS; FAIR! 

u: 







WELL, IT'S STILL A HUMAN ENDEAVOR.?) 




...A FIELD FULL OF EGOS, 
JEALOUSY, POWER GAMES, 
RIVALRY, ACCIDENTS 
AND JUST BAD LUCK ! 
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PiDfl LOVELflCe 
MATHEMATICIAN 



MARGARET CAVENDISH 
SCIENCE PHILOSOPHER 



SHE WAS HIT BY 
LIGHTNING WHEN SHE 
WAS A TODDLER. 



HYPATIA OF 
ALEXANDRIA 



SHE GREW UP IN A 
QUAKER COMMUNITY. 



SHE WAS THE 
DAUGHTER OF THE 
FAMOUS POET 
LORD BYRON. 



FLORENCE NIGHTINGALE 
PHYSICIAN 



MARIA MITCHELL 
ASTRONOMER 



SHE WITNESSED THE HORRORS 
OF THE CRIMEAN WAR. 



MARY ANNING 
PALEONTOLOGIST 



CAROLINE HERSCHEL 
ASTRONOMER 





SHE WROTE ONE OF THE 
FIRST SCIENCE FICTION ' 
NOVELS, IN 1666 . 



THeRE ARE SO MANY MORE COMPELLING 
STORIES TO TELL ABOUT THE WOMEN 
IN THIS chapter! 






THERE'S NO SPACE 
TO DO THAT, BUT... 



HERE ARE A TEW INTERESTING 
TACTS TO UNRAVEL 

yourselt! 



SHE WAS FOUR FEET TALL & 
LIVED TO THE AGE OF 96 . 



SHE WAS MURDERED 
BY A MOB OF 
ANGRY CITIZENS. 
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THE 

RENf^lSSANCE 




/^KflY, LET'S PICK UP THE THREAD 
AT THE RENAISSANCE, AT THE 
END OF THE 
MIDDLE ages! 



THE 

THE book! 



THE LINE WE’RE FOLLOWING! 



IS THERE n LINE 
IN THIS BOOK? 




^ I ihoughi you 
^ were rwolomty 
jumpinq from 
subject io 
subjeci! 




MODERN 

SCIENCE 

1900-2000 



WELL, IT’S A GOOD 
THING YOU'RE 
EXPLAINING IT NOW! 



WE'RE TRAVELING THROUGH HISTORY! 
AND AT EACH EPOCH I MAKE A LITTLE 
EXCURSION TO A BRANCH OF SCIENCE 
THAT DEVELOPED AT THAT TIME, 

OR WENT THROUGH SIGNIFICANT CHANGES! 
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HE MAKES SUCH 
DETAILED 
ANATOMICAL 
DRAWINGS... 



LOOKS LIKE 

witchery! 



SHOULDN'T WE PERSECUTE? 



NO. 

JUST 36 
YARDS. 



A robot! 
SO clever! 



THE RENAISSANCE IS 
EMBODIED BY ONE MAN 



LEONARDO da VINCI 

multi-talented genius!^ 



1452-1519 

ITALY 



C THIS TIME EXPERIENCED THE REBIRTH 
OF THE KNOWLEDGE OF ANTIQUITY 
IN THE ARTS AND SCIENCES! 



I MASTERED THEM ALL 
AND ADDED MY OWN 
CREATIVE TALENT TO THEM* 



RENAISSANCE 

MEANS 

rebirth! 



LOOK, HE MADE A CART THAT 
RIDES BY itself! 

IT GOES 36 yards! / 



NO, HIS TALENT IS 
OBVIOUSLY 
GOD-GIVEN... ... 



BUT HE HAS 
TO STOP DOING 

anatomy! 






maps! A tank! 

A GIANT 
CROSSBOW! 



" I can ose those 
for my war! 
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so WHO COULD 
BE BETTER AT 
MfiKING ft COMIC 
ABOUT ME THAN 
MYSELF? 



MOVE OVER, PLEASE 



I AM 
SUCH A 
TALENTED 

genius! 



WHEN I WAS YOUNG, I 
DISCOVERED A DARK CAVE, 



I WAS TERRITIED, BUT AT THE SAME 
TIME OBSESSED WITH AN 
UNCONTROLLABLE CURIOSITY! 



This was near Vinci, 
nui birihplace. in tfie 
valley of ihe 
river Amo. 



WATCH CLOSELY! 

OBSERVE METICULOUSLY AND DESCRIBE 
PRECISELY WHAT YOU SEE! 



I CONSIDER THIS CURIOSITY AS THE 
BASIS OT ALL SCIENCE: 
CURIOSITY AND OBSERVATION! 
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nND MEANWHILE, I EARNED MY KEEP BY BEING 
EMPLOYED BY RICH. POWERTUL PEOPLE! 



CRfiFTY 

boy! 



YES. I fa 
COLLECT " 

talent! - 



HE'S A 
GENIUS! 



DE MEDICI 



USING THIS METHOD. I STUDIED PRACTICALLY EVERYTHING I CAME ACROSS! ~ ^ 



I DISSECTED BODIES TO 
SEE HOW HUMANS 
rUNCTION ON THE INSIDE 



I ANALYZED BIRDS IN 
FLIGHT AND EVEN BUILT 
FLYING MACHINES. 



I STUDIED THE 
BEHAVIOR OF LIGHT 
AND SHADOW. 



I MADE DRAWINGS 

OF everything! 



DUKE OF M LAN 



LOTS OF MY NOTEBOOKS WERE ONLY^— PEOPLE SAY SOMETIMES THAT I WOULD HAVE 
MADE PUBLIC AFTER MY DEATH. n BEEN BETTER SUITED TO THE NINETEENTH OR 

, — — V TWENTIETH CENTURY... 

H ^ „ ...BUT I M NOT 

so SURE. 



89 . 








IN MY TIME, I COULD PURSUE ALL KINDS 
OF INTERESTS AND DISCIPLINES. ALL 

AT MY OWN 

PACE... < \r 



IN YOUR MODERN TIME YOU'RE ONLY 
CONSIDERED A SCIENTIST IF YOU 
STICK TO ONE SUBJECT! 



ftRTtST, SMELLS LIKE 

INVENTOR ^ CONTLICT OT 

AND SCIENTIST? INTEREST! 

' Or insanity even! 



I 
I 



I COULD DABBLE IN ALL SORTS OF 
THINGS AND TAKE TIME TO INVENT 
AND EXPERIMENT. 



fiLL PIT THE 
SAME TIME! 



SOME COMMISSIONS 
TOOK ME YEARS! OR 
I DIDN'T FINISH 
THEM AT all! 



BUT LEONARDO - DON’T YOU THINK YOUR 
TALENTS AND PROGRESSIVE IDEAS WOULD BE 
MUCH MORE APPRECIATED IN OUR TIME? 



fiPPR6ClflTED?I 






A MODERN SCIENTIST IS EXPECTED TO 
FREQUENTLY PUBLISH IN RENOWNED 
SCIENCE magazines! 



IS IT SUFFICIENTLY 
CONTROVERSIAL? 
ABOUT A 
HOT TOPIC, 

I HOPE? 

J 
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IN MY TIME I WfiS TINfiNCIfiLLY 
DePENDENT ON THE MONEY AND 
INTEREST OF THOSE IN POWER.. 




SCIENCE IS DRIVEN BY 

POWER INTERESTS* 



DO YOU KNOW HOW 
MANY WAR MACHINES 
I WAS ORDERED 
TO INVENT? 

THAT'S NO 
DIFFERENT IN 
YOUR time! 



BY PEOPLE WHO 
WANT WEAPONS 



PiND MONEY 



AND gadgets! 



ELECTRIC cars! MUCH BETTER 
FOR THE environment! 



NOT now! 



OR we WON'T 
MAKE OUR MONEY 
ON OIL anymore! 



NUCLEAR power! THERE'S SO MUCH 
WE COULD DO WITH THAT! 



you'd better 

START BY MAKING 
A bomb! 

V 



BEFORE THE 
ENEMY INVENTS 
ONE! 



POLITICIANS 



BUSINESS PEOPLE 



SCIENTISTS 




YOU CAN'T STOP SCIENTIFIC PROGRESS. 
HUMAN CURIOSITY SIMPLY WON’T BE CONTAINED... 



NOT TO MENTION 
HUMAN GREED AND 
HUNGER TOR POWER! 








I LEARNED THAT WHEN 
I WAS STILL A CHILD 
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BUT SOMETIMES 
I WONDER... J\^ 



...IF THftT FEELING^X/""^ 
OF TERROR... 



.WASN'T A MUCH MORE 
SENSIBLE INSTINCT? 



3 
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THE 

SCIENTIFIC 

REVOLUTION 



© 




THE SCIENTIFIC DEVELOPMENTS THAT TOOK PLACE IN WESTERN EUROPE 
IN THE SIXTEENTH, SEVENTEENTH AND EIGHTEENTH CENTURY ARE CALLED 

THE SaeNTIFIC REVOLUTION ! / 



IT WAS AN 
EXPLOSION OF 
NEW IDEAS AND 

inventions! 



ANATOMY 



GRAVITY 



W' 

ATOMISM 



HGLIOCENTRISM (earth revolves around the sun) 



PRINTING 

PRESS 



HUMANISM 
( Man is most 
important ) 





INCREASINGLY 
BETTER INSTRUMENTS 
(most importantLu 
telescopes) 









ALL OF THESE IDEAS WERE 
ALREADY IN EXISTENCE 






It 



RE^ 



BUT AT THIS TIME THEY STARTED TO GAIN 
GROUND ON PREVAILING BELIEFS, ESPECIALLY 
BELIEFS BASED ON IDEAS BY ARISTOTLE. 



MODERN PHILOSOPHERS OF SCIENCE 
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IDGfiS or 

BRISTOTLE 

ATH CENTURY B.C. 



THE UNIVERSE IS GEOCENTRIC. 




. ns I EXPLniNEO IN THIS 
BOOK I WROTE IN THE 

2nd century! 



PTOLEMY (B7-1S0B.D.) 



ALL EARTHLY SUBSTANCES ARE MADE OUT OF 

FOUR eiEMENTS. — 



EARTH WATER 






HEAVENLY SUBSTANCE 
IS MADE OF ETHERl 



AIR FIRE 




MOTION IS CAUSED BY OBJECTS SEEKING THEIR 

NATURAL PLACE. 




ANATOMY: THE BODY CONTAINS FOUR 
TYPES OF BODILY FLUID. 





YELLOW^ 
BILE J 

BLBCK BILE ^ 
GBL8N (2nd centuryJ 



J# IDEAS OF THE CHURCH 
111 .. 



THEOCGNTRISM 

C GOD IS , ^ ^ iffN *=/ AND THE CHURCH OF ^ 
central! I >*4, \ ROME REPRESENTS 1 
' xl] J* V him ON earth! I 

THE CHURCH HOLDS ALL POWER 



NEW IDEBS 

IN THE 16TH, 17TH AND 18TH CENTURY 




WE REVOLVE 
AROUND. THE 

^ sun! 



I expands:) 
THIS IDEA IN 
THE 16th 

, century! 



THAT'S WHAT 
I. SAID IN THE 
■4th century 
B.C. already! 



THE EARTH 

attracts 

objects! 



LIKE 

gravity! 



newton 



GALEN'S 

WORK 

IS faulty! 



I DEMONSTRATE 
THIS BY EXTENSIVE 
I ANATOMICAL 

I research! 



vesALius 



OUR PLANETARY SYSTEM IS HELIOCENTRIC. 



INDIBN 

SBGES 



COPERNICUS KEPLER GBLILEO 



MOTION IS CAUSED BY 

OBJECTS EXERTING FORCES ON EACH OTHER. 



ANATOMY; THE body is sustained by 

BLOOD CIRCULATION, 



NEW MOVEMENTS 

IN THE 16TH, 17TH AND 18TH 



CENTURY 



HUMANISM 



MAN IS THE 
MEASURE O' 
ALL THINGS 



THE ROMAN ^ 

r 1 ‘pllf 1 CHURCH ABUSES 

! ) ITS power! j 



REFORMATION 
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ISN'T THAT THE GUY WHO 
DISCOVERED THAT THE 
EARTH REVOLVES AROUND 
THE SUN? 



ROME. 1616 



READ 

THE 

BIBLE! 



COPERNICUS 

WAS right! 









ONE OF THE MOST IMPORTANT NAMES OF THE SCIENTIFIC REVOLUTION IS THAT Of"^ 

GALILEO GALILEI 



( 166 A-t 64 a, ITALY) 



r? 



AND WHO GOT INTO 
TIGHT WITH THE 
CHURCH OVER THIS? 



OF,~YESr) 

(^HeS^ GALILEO’S STORY: 



GALILEO WAS 
ACTUALLY NOT 
THE ONE TO 
DISCOVER THE 
EARTH REVOLVES 
AROUND THE SUN 
- THIS IDEA WAS 
PUBLISHED IN A 
BOOK BY 
COPERNICUS, 

IN 15A3... 



GALILEO WAS A PROTESSOR 
OT ASTRONOMY AT THE 
UNIVERSITY OT PADUA, 
ITALY. 



ONE DAY HE TOUND A TELESCOPE 
AT A STREET MARKET. 

MADE IN HOLLAND - A CHILD'S TOY, 
BUT I CAN MODITY AND IMPROVE IT! 



WE'LL GIVE YOU AN ADMONITION. GALILEO! 
YOU CAN NO LONGER PUBLICLY 
DEFENDTHAT THEORY! 



COPERN CUS 



CAN T POSSIBLY BE 
RIGHT, YOU HEAR?! 
LC 

Ml 
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GnULEO LAY LOW UNTIL A NEW 
POPE WAS ELECTED. THIS ONE 
WAS A TRIEND OT HIS. 



IN 1632 GALILEO'S BOOK 'DIALOGUE CONCERNING THE 
TWO CHIEF WORLD SYSTEMS' WAS PUBLISHED. 



GOOD THAT YOU CHANGED 
THE TITLE ON MY ADVICE! 



GOAHEAOANO 
WRITE A BOOK ABOUT 
THAT NEW idea! 









BUT PRESENT 
IT as PURaY 
THEORETICAL, 

A THEORY AhONGST 
OTHER THEORIES “ 



NOT AS T 
TRUTH 



WBAN VW 



DID YOU REALLY READ IT? 
HE MAKES FUN OF YOU! 



IN 1633 GALILEO HAD TO DEFEND HIMSELF 
AT A COMMITTEE OF THE INQUISITION, 



WHAT KIND OF 
POPE ARE YOU? 



HE NAMED THE PERSON 
REPRESENTING YOUR VIEW 
^SIMPLICIO'.-. 



'SIMPLETONT 



IT TOOK UNTIL 1992BErORe THE CHURCH OFFiCIALLY 
APOLOGIZED TOR GALILEO'S TREATHENT, 



GALILEO REMAINED UNDER HOUSE ARREST 
UNTIL HIS DEATH IN 1642, AGED 77, 



,BUT I WAS TOTALLY WILLING 
, TO COLLABORATE ^ 
WITH THE CHURCH 1 TZ 



THE MIDDLE FINGER 
OF GALILEO'S 
RIGHT HAND 

^ WAS PRESERVED 

and DISPLAYED AS 
2fl A RELIC IN THE 

^■1 IQth century. 



IT CAN STILL BE SEEN 
IN THE GALILEO MUSEUM 
IN FLORENCE. 
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SINCE THAT TIME, THERE HAS BEEN A RITT BETWEEN SCIENCE AND RELIGION. 




THE WORLD 
WAS CREATED 
IN SEVEN DAYS'. 



MAN IS 
THE CROWN 
or GOD'S 

creation! 



about 8000 

YEARS ago! 



rweeNV 



(there's more between' 

HEAVEN AND EARTH! 



EVERYTHING IN THE BIBLE 
IS LITERALLY TRUE* 



EVERYTHING 

IS spirit! 



the facts 

SAY otherwise! 



THE UNIVERSE 
ORIGINATED AT 
THE BIG bang! 



- 13.7 BILLION 
YEARS ago! 



MAN HAS EVOLVED 
FROM monkeys! 



THINGS THAT CAN NOT BE PROVEN 

SCIENTIFICALLY, SIMPLY 

DO NOT exist! X. 



EVERYTHING CONSISTS OF 
MATTER - AND NOTHING MORE! 
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SOMETIMES IT'S 
JUST LIKE fl 
FAILED MARRIAGE.. 





...IN WHICH BOTH PARTIES 
KEEP BOTHERING EACH OTHER 
FOR YEARS AFTER, 

EACH TRYING TO OUT-ARGUE 
THE OTHER. 




THE 

RELfiTIONSHIP 

BETWEEN 

SCIENCE 

RELIGION 







SEE 

THAT? 



A LONG TIME AGO. 



THE SUN, MOON AND STARS 
ALL REVOLVE AROUND US! 



I THINK, WHEN YOU LOOK aOSE, 
THAT IT'S THE GARTH . 

THAT REVOLVES / 

AROUND THE SUN t i/Zl 



Nom 
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LET HER be! 

WHO WANTS TO BE WITH 
SUCH fl STUPID BROAD? 

see Him anqwnere! 




WHAT DO YOU WANT WITH SUCH A COLD 
RATIONALIST? HE HAS NO BELIEFS OR 

values! he thinks he is the measure 

O T ALL things! 

He^ find out there’s more 
^ between heaven 
and earth! 




^ SHE'S RIGID, STUBBORN AND DOMINANT! 
SHE DOESN'T WANT TO ADMIT SHE WAS 
WRONG. AND SHE BELIEVE S IN SILLY STUTTl 



One day she will 
have to admit ' 
the earth 
isn’t 
flat! 
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THE AGE OF THE EARTH 
IS A, 6 BILLION YEARS'. 




AND HUMANS HAVE EVOLVED 
FROM MONKEYS, DID YOU KNOW’ 



And reli 0 ion con be 
psuchobqici^ explacned 
as Tott of ^aih! 









PROGRESS...? 



THE WORLD IS REALLY 

abigMACHING! 



OUR RATIONALITY MAKES US 
MASTERS OF CREATION! 



Everuihinq is qovemed 
by cause wd ^feci! 



Cool and 
objeciive! 



LOOK AT ALL THIS 

PROGRESS 1 






G 



WHOOPS! QUANTUM THEORY SUGGESTS THAT 
REALITY IS MUCH MORE COMPLEX THAN WE THOUGHT! 



We aren’t objective MNot everything can 
observers oU all! ' be preolictedi 



DC 



THE EARTH IS NOT A MACHINE, 
IT'S A LIVING ORGANISM ! 



Oor actions 
have 

consequences! 

L 



1/ Maybe we dooutd think 
1 about our responsibUttq 
as 
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. . . 

HER PRESUMPTIONS ABOUT LIFE CAN’T BE 
PROVEN, BUT THEY DO GIVE HER VALUES 
THAT WE SCIENTISTS MIGHT NEED AS WELL. 

< . . J 


^ 

1 HAVE BEEN ARROGANT. 1 NO LONGER 

WANT TO IMPOSE MY WILL ON OTHERS. 

1 WANT TO PROPAGATE A SPIRIT OF 
OPENNESS, DIALOGUE AND UNDERSTANDING^ 


2 ; ^ 








ftFTER ALL, WE DO LIVE TOGETHER 
ON THIS FRAGILE PLANET FOR WHICH 
ALL OF US ARE RESPONSIBLE' 



MAYBE THERE ARE STILL SOME 
THINGS WE HAVE IN COMMON! 








WE'D LIKE TO GIVE IT 
ANOTHER try! 



NOT IN TTIeA./ but IN THE WAY WE WERE INTENDED: 
OLD WAY n ENJOYING AND ADMIRING LIFE TOGETHER! 



And we’re port of It! 

(sn’i that 
special? 



y...in which only 
one of us y 
could be riyht... 



Isn't everything wondrous? 
So diverse aria complex ! 
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I THINK THIS RIFT HAS BEEN GREATLY EXAGGERATED - 
EMBELLISHED BY PRESS, POLITICIANS AND A FEW FUNDAMENTALISTS 
IN REALITY, SCIENCE AND RELIGION CAN CO-EXIST JUST FINE. 



ESPECIALLY WHEN YOU DEFINE 
RELIGION AS AN INDIVIDUAL'S 
SPIRITUAL PATH ^ 



AND SCIENCE AS AN 
EXPRESSION OF THE CURIOSITY 
OF THE HUMAN SPIRIT 



SCIENCE PROVES THAT 
THERE IS NO GOD! 



LITERflLLY 



nonsense! 



SISLE COMMENTATORS HAVE TREATED 
THE BOOK AS LITERARY, MYSTIC | 
1 TEXTS SINCE THE FIRST century! j 

1/1 NOT AS A ( 

I HISTORY book! 

' \ V SEE IT AS I 

? LITERAL, YOU E 
7 / \ ARE SELLING | 

/ I §] V IT short! 



scientific research 
limits itself to 
PHYSICAL reality! 



^aeNTlTf/g 



,^6LlGIOm 



spirituality 

IS SOMETHING 
different! 



/ I'M A^ 

^priest! 



AND I BELIEVE 

IN evolution! 



AND I GO to 

church! 



physicist! 



I like to read 
scientific articles 
to marvel at 
creation! 



I LIKE to meditate 
WHEN I’M stuck IN 
A scientific 

PROBLEM! 



EVERYTHING IS 

SO wondrous! 
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EPIRTH IS FIXED 
IN THE CENTER OF 
THE universe! 



r EVERYTHING RE-T 
LvOLVES HROUNb it! 



IN 633 I WROTE THIS 
BOOK WHICH WAS 
A STANDARD WORK 
FOR CENTURIES! 



I'M KNOWN PRIMARILY 
AS A MATHEMATICIAN - 
ASTRONOMY USED TO 
BE MOSTLY MATH! 



I HAD MY I 
[DOUBTS ABOUT 



^ ...so 

I WI^OTE 
THIS IN 
102SI 



AL-TUSI 

1201-1274 

PERSIfi 



eL-KHWARl2MI 

780-850 

8fiGHDfiD 



BL-HfiYTHflM 

CBLHflZEW) 

96S-+1040 



flL-TBRGHflN» 
9th Century 



WHEN DID ASTRONOMY START? 



HISTORY OT ye ■p,r 5 j looked when we started 

fiSTRONOMY UP.TO THE NIGHT SKY?- TO SEE PATTERNS? 



WHEN we STARTED TO 
MAKE PREDICTIONS? 



, . , . , We con use ihem . -“ia 

Uonis' I ■ ' iL i to establish pur 
3 saw that one ciirection! 

V , - last ni 0 ht too! Ahol to 

. ' ..... measure. time! 



And to makp 
predictions 



ASTRONOMY WAS 
PRACTISED EVERYWHERE 
IN ANCIENT TIMES. 



onct applicot in siuciures 



THE ANCIENT GREEKS 
WERE THE ONES WHO 
NAMED THE ZODIAC. 



IN THE SECOND CENTURY A.D. PTOLEMY SUMMARIZED 
THE ASTRONOMICAL KNOWLKSGE OF THE ANCIENT 
GREEKS IN HIS BOOK 'ALMAGEST'. 



iikz 

Stonehenge 



onci the 
pyramids. 



PTOLEMY 

87-150 A.D. -f? 
ALEXANDRIA 



FOR AGES, ASTRONOMY ( 

ASTROLOGY WENT TOGETHER 
HAND IN HANpr 

IN THE MIDDLE fiGES MUSLIM SCHOLARS EXPANDED ON THE WORK 0? PTOLEMY. 



\ BUILT THE OBSERVATORY 
OF MARAGHEH - THE HOST 
ADVANCED OF ITS TIHE! 
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I STUDIED THE SUPERNOVA \ I USED BRAHE'S MANY 
THAT SUDDENLY AK>EARED t OBSERVATIONS TO DERIVE 
IN 1572! IT CONTIRMEO 3 LAWS ON THE MOTIONS 
COPERNICUS' IDEAS TOR ME! JOT THE STARS! i 



I DEFENDED THE 
NEW IDEAS IN THE 
CHURCH, BUT; ^ 



NICOLAI 

lui AitMn cttbften. 



NICOLAUS COPeKNiCUS 
1473-1543 
POLAND 



TYCHO BRAHE 
1546-1601 



DENMARK 



SATURN HAS RINGS I 
AND A moon! 



TO SEE WHAT CHEMICAL 
ELEMENTS IT CONTAINS' 



GERMANY 



bSK helium!^ 



IN THE 16TH AND 17TH CENTURY, NEW ASTRONOMICAL INSIGHTS CAUSED A REVOLUTIONARY 
NEW WORLDVIEW: EARTH REVOLVES AROUND THE SUN, NOT THE OTHER WAY AROUNDl 



SHUT 



IT ALL STARTED WITH THIS 
BOOK OF MINE IN 1543. 



"VT 



UP 



GALILEO GALILEI 
1S64-1642 
ITALY 



JOHANNES KEPLER 
1571-1630 
GERMANY 



THE INVENTION OF THE TELESCOPE LED TO 
MORE OBSERVATIONS THAN EVER BEFORE' 



ISAAC NEWTON WAS THE FIRST TO BRING 
TOGETHER ASTRONOMY AND PHYSICS. 



THE MILKY WAY CONSISTS 
OF COUNTLESS STARS! 



OBJECTS ON EARTH AND IN THE HEAVENS 
ALL OBEY THE SAME LAWS! 



the first 



reflectm 



LIKE THE LAW 
OF gravity! 



CHRISTIAAN HUIJGENS 
1629-1695 
THE NETHERLANDS 



ISAAC NEWTON 
1642-1727 
ENGLAND 



GALILEO 
ITALY, 1610 



IN THE 19TH CENTURY, ASTRONOMY MADE EVEN MORE PROGRESS. 



INVENTION OF 
SPECTROSCOPY 



A WHOLE LOT OF ASTEROIDS 
BETWEEN MARS AND JUPITER! 



ASTRONOMY BECAME WIDELY POPULAR 
ASTRONOMICAL SOCIETIES WERE 
FOUNDED AND SPECIAL 
EXPEDITIONS WERE ORGANIZED. 



DISCOVERY 
OF URANUS! 



DISCOVERY 
OF NEPTUNE! 



NOW WE CAN ANALYZE THE 
LIGHT SPECTRUM OF THE SUN 



WE RE GOING 
TO HONOLULU 
TO SEE THE 
SOLAR ECLIPSE 



WE ALL SHARE OUR 
OBSERVATIONS' 
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WE CAME UP WITH THE 
THEORY or THE BIG BBNGl 



THE UNIVERSE 
ITSELF WAS 
STATIC! 



RADIATION 



& ALPHER 
1921-2007 
USA 



GAMOW 

190A-196S 

RUSSIA 



AL&ERT EINSTEIN 
1679 -19& 
GERMANY AUSA 



EDWIN HUBBLE 
1669-1953 
USA 



THG RAPIDLY IMPROVING TECHNOLOGY OF THE 20TH CENTURY POSED NEW QUESTIONS: 



HOW BIG IS > 
THE UNIVERSE? ' 



■ IS IT STfITIC OR 
EypANOING? 



HOW WAS THE • 
UNIVERSE BORN? 






ARE THERE MORE PLANETS THAT 
CAN SUSTAIN LIFE? » . 



■ 

MARS 
ROVER r 
EXPLORING h 

MARS ' ^^91 



HUBBLE TELESCOPE 
' -aRCLING THE EARTH 
SINCE 1990 



Iradio-astronomt I 


f(NTRAR6D ASTRONOMY / UV-ASTRONOMY 
V "sees" coUt objecis lhal / "sees" ^ i^S, 
\jionT Uqhl <;p. iDte plamis/ ncouloe etc. 


f X-RAY ASTRONOMY f GHMHn 


1 MANY NEW ANSWERS WERE FOUND, FOR INSTANCE ABOUT THE ORIGIN OF THE UNIVERSE. | 



MY THEORY OF RELATIVITY 
EXPLAINED MOTION IN THE 
UNIVERSE , 

^ 1 BU T I THOUGHT 



I PROVED THE UNIVERSE 
I S expanding! 

I ALSO DISCOVERED THE 
FIRST GALAXY OUTSIDE 
p OUR OWN MILKY WAY; 

ANDROMEDA f 



MY 

BIGGEST 

blunder! 



IN 1964, WE FOUND THE 
EVIDENCE FOR THIS THEORY 

COSMIC p BY 

t^^flCCIDENT. 






PENZIAS 
1933, 
IGERMANy/USA 



WILSON 

1936 

USA 



BUT STILL, MORE THAN ENOUGH QUESTIONS AND UNEXPLAINED PHENOMENA REMAIN! 



THE MOVEMENT * - ■ 

OF CERTAIN 

GALAXIES... ^ ■ 

...CAN ONLY BE EXPLAINED 
IF THEY ARE MUCH HEAVIER 
•THAN THEY SEEM TO BE 
FROM OUR observation! 



THERE MUST BE 
EXTRA MATTER 
WE CAN'T see! 



WE'RE CALLING IT 
DARK MATTER. 



IT IS ESTIMATED THAT 
23 % OF THE UNIVERSE 
CONSISTS OF DARK MATTER... 



...AND 74% CONSIST ;OF 
DARK energy! 
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I THINK THE EXCITING THING 
ABOUT ASTRONOMY IS 
HOW IT CHALLENGES OUR 
UNDERSTANDING OT 
SPACE AND TIME! 
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5PACI 



THE SUN 



REPRESENTS 

EARTH... 



WOULD BE 
THIS Bior 






JHE MOON IS BT B 
DISTBNCE OF JUST 
OVER BN inch! 



EARTH 



P" 



BUT OT COURSE THE 
DISTANCE WOULD BE MUCH 
greater! IT WOULD BE 
ABOUT WTEET! 



WALK TO THE OTHER 
END OT YOUR HOUSE! 



PUT THIS BOOK DOWN! 



THE SUN IS THIS TftR AWAY 
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THE DISTRNCE TO NEPTUNE, THE FARTHEST PLANET 
IN OUR SOLAR SYSTEM, WOULD BE HALF A MILEl 



PUT DOWN THE BOOK! WALK fl BLOCK! AND ANOTHER! NEPTUNE IS 

! ^ 1 AND another! \ THIS TAR AWAV! 



THE DISTANCE TO PROXIMO CENTflURI, 
THE CLOSEST STAR, WOULD BE 
ALMOST A THOUSAND MILES' 



GET ON A PLANE AND FLY 

1000 miles! 



THIS IS HOW FAR PROXIMA 
CENTAURI is! 



PUT DOWN THE BOOK 
AND GRAB YOUR 



passport! 



AND THAT WOULD BE JUST 
TO OUR NEAREST NEIGHBOR 
IN OUR galaxy! 

mind-boggling! 
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WHEN YOU LOOK AT THE STARS, YOU RE 
ACTUALLY LOOKING BACK IN TIME I THE SPEED 
OT LIGHT IS "ONLY" 186,000 MILES PER SECOND 
- AND SPACE IS INFINITELY BIG* 



^ SUN 1 

8.3 MINUTES 
I. AGO ^ 



iifKi 

FROM THE 



I.2& 



CON» 






OUR 

GALAXY 



NEAREST STAR 



7” CENTER 
0FTM6M/UV 

27,700 reflPs 



EVEN MORE MIND-BOGGLING I 



NORTH 
STAR 
432 YEARS 
AGO 



THE FARTHEST STARS WE CAN SEE 
WITH OUR TELESCOPES, DATE 
BACK 14,000,000,000 YEARS! 



Earih didn't even 
EXIST - 
at that time! 
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NEWTON 




ISAAC NEWTON 

ENGLAND. 1642-1727 



WAS NOT AN AGREEABLE MAN, 

BUT HE DID NOT HAVE SUCH AN AGREEABLE EARLY LITE^ 






HIS 

MOTHER 
WANTED 
HIM TO 
BECOME 
A 

TARM6R, 



HIS 

FATHER 

DIED 

BEFORE 

HE 

WAS 

BORN. 



...AND I HATE 
MY stepfather! 



...AND I HATE 

farming! 



HE STUDIED AT CAMBRIDGE, 

WHERE HE WAS AN AVERAGE STUDENT. 



IN 1666 THE UNIVERSITY CLOSED DUE TO THE PLAGUE 
AND NEWTON CONTINUED HIS STUDIES AT HOME. 



HE 

WAS 

BULLIED 

AT 

SCHOOL. 





IN 1667 HE RETURNED TO CAMBRIDGE 
AS A POSTGRADUBTE. 



NO wonder! the courses they TEfiCH HERE 
ORE ALL ABOUT ARISTOTLE'S WORK! 



AND I'M INTERESTED 
IN COPERNICUS. 
GALILEO AND 
KEPLER! 



I'LL JUST STUDY THEM 
ON MY own! 



HE BUILT HIS OWN LABORATORY AND 
MADE THE TIRST REFLECTING TELESCOPE. 



NOT SUCH not dumb? ! WE SHOULD MAKE 
A DUMB BOY h||.| PROFESSOR OF M ATHEMAT ICS ! 

AFTER ALL... 





brilliant! 



S18 YEARS OLD 









the ROYAL SOCIETY OF LONDON 
' for IMPROVING 
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NEWTON GIVES US UNIVERSAL 
LAWS THAT EXPLAIN ALL 
fTERRESTRIAL AND CELESTIAL MOTION! 

THIS FUNDAMENTALLY 
CHANGES THE WAY 
WE LOOK AT reality! 
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BUT MOST or HIS WORK WAS ABOUT 
VASTLY DirreRENT matters! 



I. NEWTON 



-ftl r.HFMY 7/\ 



HIS BOOK PRINCIPIA MADE NEWTON 
WIDELY KNOWN AS A BRILLIANT SCIENTIST. 



NOW I CAN CONTINUE ON THE WORK 
THAT IS REALLY IMPORTANT! 



GOOD 









NEWTON WAS DEEPLY RELIGIOUS AND 
SEARCHED THE BIBLE TOR HIDDEN MESSAGES. 

EVERYBODY KEEPS PREDICTING THE END OF THE 
WORLD USING BIBLICAL CALCULATIONS... 

...AND THEN IT 

DOESN'T come! THEY CLL WORK IT OUT 

DISCREDIT THE BIBLE! ONCE AND TOR ALL! 



THE APOCALYPSE 
WILL DETINITELY NOT 
OCCUR BEFORE 
2060! 



LATER IN LITE HE BECAME MASTER 0? 
THE MINT, A TASK HE TOOK VERY SERIOUSLY. 



I HATE 

COUNTERFEITERS! 



I WANT THEM HANGED, 
DRAWN AND QUARTERED!!! 



HE WAS VERY SECRETIVE ABOUT 
MOST OF THIS WORK. 



WELL. 

OF course! 



MANY PRACTICES OF, 
ALCHEMY ARE ILLEGAL! 

AND RELIGION IS 
SUCH A SENSITIVE 

subject! 

Tor instonce: I'd better 
not let it be puttidu known 
thof I cton'i 
betieve in the 
Holy Trinity! 



HE WAS ALSO A MEMBER OF THE BRITISH 
PARLIAMENT, BUT MADE NO 
POLITICAL STATEMENTS OF NOTE. 
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HE REMAINED A BACHELOR ALL HIS LI?E. 
BY THE END OT IT, HE LIVED WITH HIS NIECE 
AND HER HUSBAND IN WESTMINSTER. 



THERE'S A LOT OT THINGS I HATE, 
BUT I LOVE MY NIECEl 




CATHERINE 

BARTON 

1679-1739 



NEWTON DIED IN HIS SLEEP ON 
MARCH 31, 1727- AGED 84. 




HE LIES BURIED IN WESTMINSTER ABBEY 



w/cDEPOsnwtv; 

OUOD MORYALETVIV^ 



smnri, faeavUfd 
& aamired by 
many 



/SflftCI 



NEWTON IS CONSIDERED TO BE THE TIRST AND MOST TAMOUS MODERN SCIENTIST. 



BUT I STATE THAT NEWTON WAS NOT THE TIRST IT MIGHT WELL BE THAT NEWTON HAD ASPERGER 

OT THE AGE OT REASON: HE WAS THE LAST OT SYNDROME - A TORM OT AUTISM ! 




SIMON BARON-COHGN 
( 6 . 1956 ) 



PROFESSOR OF 
DEVELOPPIENTRL 
PSYCHOPfiTHOLOGY, 
EXPERT (N RESERRCHJNG 
RUTISM 



BOUGHT B STBCK OF 
MEWTON’S UNPUBLISHED 



NEWTON WROTE OT HIMSELT, BY THE END OT HIS LITE: 



MANUSCRIPTS IN 
19^2 



JOHN MAYNARD KEYNES 
( 1663 - 1946 ) 



THE MAGICIANS ! 
\. 
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NEWTON'S 

LAWS 




IN OTHER WORDS: 



n TALLING 
APPLE 

WILL KEEP ON 
TOLLING 



>le 



...if U were fallinei in a 
VACUUM, ihatfe! 

In reoUiy, tills c 
experience oU ki 
forces, (ike 
TRICTION and 
^VITY ! 



of 



NEWTON’S 

TIRST LAW OF MOTION 

DESCRIBES HOW SN OBJECT 
MOVES WHEN NO TORCE 
IS fiCTING ON IT. 



NEWTON’S 
LAW OF GRAVITY 



T = (} 



mi m. 




The atlradion between 
two objects titepends on 
their moss (m) and the 
square of the distance (r) 
b^een them 
- and also on the 
so-called '‘qravitationol 
constant" (ij) . 






NEWTON’S 

SECOND LAW OF MOTION 

DESCRIBES HOW TORCE AND 
fiCCELERflTION ARE RELATED. 




OTHER WORDS: 



THE TORCE (T) IS EQUAL TO THE 
MASS (M) TIMES ACCELERATION (A). 



NEWTON'S 
THIRD LAW OF MOTION 

STATES THAT EVERY ACTION HAS AN 
EQUAL AND OPPOSITE REACTION. 





PHYSICS 





WHAT IS MATTER 
MADE OF? 



MOTION ON EARTH 
IS IMPERFECT. 



CELESTIRl BODIES 
MOVE IN ETHER I 



EARTH IS THE 
CENTER OF THE 

— K universe! 



THflTS WHY ITS NO 
USE PERFORMING 
EXPERIMENTS. 



EARTH IS f 
RfiT disk! 



heavens?! 



KEPLER 

1571-1630 

GERMANY 



NEWTON 

1642-1727 

ENGLAND 



GALILEO 

1564-1642 

ITALY 



COPERNICUS 

1473-1543 

POLAND 



HISTORY OF 

PHYSICS 



WHEN DID PHYSICS START? 



WHEN WE FIRST APPLIED PHYSICAL 
FORCES IN EQUIPMENT? 



WHEN WE STOPPED EXPLAINING 
f NATURAL PHENOMENA [N 
I MYTHOLOGICAL TERMS? 



LIKE 

LEVERS 



OR - HERE S A 
THOUGHT - MAYBE IT'S 
CLOUDS COLLIDING' 



THUNDERl 
ZEUS tS AT 
IT AGAIN I 



THE ANCIENT GREEKS CAME UP WITH PHYSICAL 
THEORIES ABOUT NATURAL PHENOHENA. 



THEIR IDEAS DEFINED THE GENERAL WORLD VIEW 
UNTIL THE END OF THE MIDDLE AGES. 



WE*RE LOOKING TOR 
GENERAL PRINCIPLES! 



THERE ARE 
FIVE ELEMENTS: 
EARTH, WATER, 
AIR, TIRE a 
ETHER. 



ALL CELESTIAL MOTION IS 
PERFECT - THAT MEANS: 
PERFECTLY CIRCULAR, 



C 



WHHT CAUSES 
CHANGE? 



WHAT MOVES 



THE STARS? 



PHYSICS IS 
MflIMLY 
PHILOSOPHY 1 



IN TH6 SIXTEENTH CENTURY, NEW INSIGHTS CAUSED fl REVOLUTIONARY NEW WORLD VIEW. 



THE EARTH IS NOT THE 

center! earth and the 

OTHER PLANETS REVOLVE 
AROUND THE SUN! 



IN ELLIPTICAL ORBITS! 
NOT IN circles! 



I'LL TELL YOU EVEN MORE: 
THEY MOVE ACCORDING TO THE 
SAME LAWS AS OBJECTS 
ON earth! 



LIKE ONE BIG 
MECHANICAL 
MACHINE, 
SO TO 
SPEAK! 
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JAMES WATT 
1736-1819 
ENGLAND 



C -A. DE COULOMB 
1736-1806 
FRANCE 



ALESSANDRO VOLTA 
174S-1827 



ITALY 



A -M* AMP£RE 
1775-1836 
FRANCE 



ALFRED NOBEL 
1833-1896 
SWEDEN 



PHYSICAL RESEARCH FLOURISHED LIKE NEVER BEFORE! MANY SCIENTISTS FROM THIS PERIOD 
GAVE THEIR NAME TO UNITS AND PROCESSES THAT WE STILL USE TODAY: 






T6MPERftTUR6 SCfiLES: 
FAHRENHEIT IS \ CELSIUS IS 



COULOMB 
IS ft UNIT OT 
ELeCTRICfiL 

charge’ 



DALTON 
IS ft UNIT OT 
ATOMIC 
MftSSf^ 



WATT IS \ 
ft UNIT OF 

power! j 



VOLT 

IS ft UNIT OF 
ELECTRIC , 
POTENTIAL 



i \l 

U! 



UfcLblUb IS USED 
EVERYWHERE ELSE! 



USED IN THE USA! 



L VJE>I 



D.G.FAHRENHEIT 

1686-1763 

GERMANY 



ANDERS CELSIUS 
1701-1744 
SWEDEN 



JOHN DALTON 
1766-1844 
ENGLAND 



AMPERE 


FARAD 


[ JOULE 


PASTEURIZATION 


1 LETT BEHIND THE \ THE UNIT OF SOUND* 


IS ft UNIT OF 


IS ft UNIT OF 


1 IS A UNIT OF 


IS ft PROCESS OF 


NOBEL foundation! DECIBEL WAS 


ELECTRIC 


ELECTRIC 


1 energy! j 


HEATING LIQUID 


WHICH AWARDS THE \ NAMED AFTER ME! , 


current! J 


CflPftCITY! j 




t FOODS. LIKE MILK. _J 


NOBEL PRIZES! ^ 



K FARADAY 


JAMES JOULE 


LOUIS PASTEUR T 


1791-1867 


1818-1889 


1822-1895 1 


ENGLAND 


ENGLAND 


FRANCE 



ALEXANDER BELL 
1847-1922 
SCOTLAND/USA 



IN THE 18TH AND 19TH CENTURY THE INDUSTRIAL REVOLUTION TOOK PLACE IN WESTERN EUROPE. 



IMPROVED PRODUCTION 
OF STEEL AND CONCRETE 



AUTOMATIC 

LOOM 



AUTOMATIC 
SPINNING WHEEL 



THE 

"SPINNING 

JENNY'’ 
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iN THE SmiY 20th CENTURY, R RRDICRL NEW BRSIS WRS LRID FOR PHYSICS 



WE’RE DOIMG EiCPERrMENTS 
WtTH RflDWTfON OF 
HEftTED objects! 



WE MUST TREAT RADIATION 
AS CONSISTING OF SMALL 
PACKETS OF ENERGYl 

CALLED: QURNTA. 
SINGULAR: QUANTUM 1 



ACCORDING TO OUR CALCU- 
LATIONS, EVEN A COZV FIRE 
WOULD PRODUCE SO MUCH 
RADIATION WE COULD NOT 
POSSIBLY SURVIVE IT* 



BUT THAT’S NOT 
WHAT HAPPENS. 



IT’S NOT PRETTY. 
BUT IT WORKS 
- UNTIL WE FIND 
ABETTER 
EXPLANATION! 



QUANTUM THEORY OVERTURNED A NUMBER OF FUNDAMENTAL ASSUMPTIONS ABOUT REALITY, 



THE QUANTUM MODEL 
FITS A LOT MORE DATA 
WE COULD NOT EXPLAIN 

before” 



BUT A QUANTUM BEHAVES LIKE 
A WAVE AND A particle! 
THAT'S NOT POSSIBLE! 



BUT THAT CAN'T BE 
HOW REALITY WORKS, 
SURELY? 



IN THE QUANTUM MODEL, 
OUTCOMES ARE NEVER FIXED 
BUT DEPENDENT ON 

probability! 



OH no! DO 
YOU THINK 
IT COULD BE 
REAL?! 



r GOD ^ 
does notplayX 
DICE WITH THE 
V^NlVERSEi y 



FAMOUS 
QUOTE BY 
EINSTEIN 



DURING THE POST CENTURY, THERE HAS BEEN MORE RESEARCH IN PHYSICS THAN EVER BEFORE! 
SCIENTISTS INCREASINGLY WORK IN INTERNATIONAL TEAMS, EXCHANGING RESULTS. 



fiT THE MOMENT WE HAVE TWO 



THERE ARE MORE 
SUBAREAS THAN 
EVER BETORE! 



WILL we EVER BE ABLE 
TO UNITE THESE TWO? 



RESEARCH IS OFTEN BACKED 
BY GOVERNMENTS AND 
1 INDUSTRIES - NOT JUST 
UNIVERSITIES ANYMORE! 



INTO ONE COMPREHENStVe 
, THEORY OF EVERYTHING? 



[ NUaEfiR physicsT 



eLCCTRODYNAMICS 



OPTICS 



t^TEORQLOGY 
t BIOPHYSICS f 



ASTROPHYSICS 



[QUF!NTUh PHYSICSI 



BLACK 



THE ULTRAVIOLET 

catastrophe! 



W THEORIES TO EXPLAIN REALITY: 


If^ANTUMl 


f EINSTEIN’S \ 


S THEORY 1 


THEORY OF 1 


B TOR THE 


RELATIVITY 1 




L FOR THE RESTl^ 
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THREE 

SUBAREAS 

or 

PHYSICS 







ELeCTRICflL PHENOMENA HAVE BEEN KNOWN SINCE ANCIENT TIMES, 



flMBGR 



ELECTRIC EELS 

ALSO CALLED 

'THE THUNDER OF THE NILE" 



LIGHTNING 

TOR INSTANCE 



THIS IS HOW YOU DRAW 
AN ELECTRICAL CIRCUIT - 
IN THIS CASE TOR A LAMP 
WITH A BATTERY! 



BATTERY 



THERE ARE MANY MORE SYMBOLS 
TOR ELECTRICAL APPLIANCES: 



MOTOR 



DIMMER AMPLIFIER 



O rw 0 — 
ALTERNATING CURRENT 

(OUTLET) 



ON/OFF 

SWITCH 



PUSH BUTTON {a doorbell for inslonce) 



STATIC ELECTRICITY 

IS A SHORTAGE OR SURPLUS OF ELECTRONS, 
MAKING SOMETHING ELECTRICALLY CHARGED. 



I CAN DO MAGIC! 



Tor instance HAIR or a WOOLLEN SWEATER 



WOOL, like HAIR, 
is a TRaterial 



loses Lis' 
eledrons. 



turn OFT 
the LIGHTS 
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FROM THG 17TH CENTURY ON, THIS MYSTERIOUS POWER WAS HARNESSED IN ALL KINDS OF MACHINES. 







...WHAT IS 

ELECTRICITY EXACTLY? 



conductive materials (like COPPj 
megative electrons move TRESLY 
between positive atoms. 



'positively 
charged nudojs 



IN 1862 THE FIRST 
POWER station 
WAS OPENED 



BY THOMAS 
EDISON 
IN 

MANHATTAN, 
NEW YORK. 



BENJAMIN 

FRANKLIN 



“the Leuolen jcu““ 



1800 THE'FlRSr 

BATTERY 



1832 

Ol'IVAMn 



THE FIRST 



WE figured that 
OUT AS LATE AS THE 
twentieth century! 



f .corY CAN TRAVEL EASILY 

electrical energy ^ eLECTRONS. 
Through this strea 



How 

o(oes li work? 






‘COPPER wiRe 



When we 
ctUcoveretil 
whai aioms 






thro» 



sparks ARe 

that ARe /*, 

glowing 



THE HUMAN BODY IS ALSO FULL OF ELECTRIFY ! 





FOR INSTANCE IN 

NERVE CELLS 






MY BODY IS 
FULL OF energy! 



That’s a 
scientific fact! 



through SOMUM IONS 
insteda of electrons 



DO YOU EVER FEEL TIRED AND RUN DOWN? 
REMEMBER: 
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THE FIRST LAW OF THERMODYNAMICS: 

(ALSO CALLED THE LAW OF CONSERVATION OF ENERGY) 



THE TOTAL AMOUNT OF ENERGY 
IN A CLOSED SYSTEM REMAINS CONSTANT 



THERMODYNflM CS 



CAME UP IN THE 19TH CENTURY, 
WITH THE SPECIFIC GOAL OF 
ENHANCING STEAM ENGINES. 
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- MOr/ON - 



NEWTON'S APPLE TELL DOWN IN A STRAIGHT LINE! 
THERE ARE ALSO OTHER KINDS OT MOTION: 



ROTATIONAL MOTION* 



D 



FOR INSTANCE 
THE MOON AROUND 
THE EARTH 



BUT ALSO 

EARTH AROUND ITS 
OWN AXIS 
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THESE THREE SUBAREAS AS DESCRIBED HERE, 
ARE PART OF CLASSICAL MECHANICS I 



etfect^ 



ceuse 



j NfnURE/^fiXH 
/ ^THeuNiveRse 
j CRNBe 
i coMPmsD 
TORGimr 

MaCHINE I 





r 

BUT THAT’S FOR LATER! 
WE NOW FOLLOW OUR 
THREAD, PICKING IT UP 
AT THE 

NINETEENTH CENTURY! 
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THE 

NINETEENTH 

CENTURY 




flG6 

or 

DISCOV6RI6S 



THE NINETEENTH CENTURY 




WftS A TIME OF RAPID DeVELOPMENTS IN MANY AREAS 



SOCIALLY 



IN INDUSTRY 



WORKERS MOVED FROM THE 
COUNTRY TO THE CITIES 
TO WORK IN FACTORIES. 



MACHINES 
DO THE WORK BETTER, FASTER 
AND CHEAPER THAN PEOPLE* 



THANK YOU 

science! 



...for a ...ynder pool 
piHonce ! coru&iions ! 



astronomy! ^ 



IN THE MEDIA 



LET'S SET UP 
SPECIAL CLUBS 



1 WE ARE 

PRINTING MORE THAN EVER 



INTERESTING 



geology! 



It 

fl^OYAL RSTROWmiCflL 
SOCIETY (BRiTftIN) 1 

BOTANICAL SOCSETV 
or SCOTLAND j 



GROWING GENERAL POPULARITY 
OT THE SCIENCES 




LET'S GO EXPLORING, SO WE CAN MAKE 
MAPS OF THE WHOLE WORLD! 



IN SCIENCE: 

BETTER ^ STRUMENT^ 



[ BETTER^ 

-L transport! ) 

iTV - ^ 
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CHARLES DARWIN STARTED COLLECTING AT A VERY EARLY AGE. 
1809-1802, ENGLAND 




WHY DON'T YOU DO SOMETHING USEFUL, 



MINERALS 



si^sU^^ 



HE STUDIED MEDICINE IN EDINBURGH. 



AND THEOLOGY IN CAMBRIDGE, 



BOTICfiNTSTftND 
THE SIGHT OF blood! 



MY FATHER WANTS ME TO 
BE A DOCTOR, LIKE HIM! 



COME AND COLLECT BEETLES 
WITH us! IT'S ALL THE RAGE! 



WELL, THEN GO AND 
STUDY THEOLOGY, 
FOR GOD’S sake! 



I'D LOVE 



SKIPPED CLASSES TO STUDY 
I MARINE LIFE WITH HIS FRIENDS 
’ OF THE PLINIAN SOCIETY 



HE GRADUATED IN 1831. 



HEY DARWIN! WOULD YOU 
LIKE TO TRAVEL THE WORLD? 



BECOME A MINISTER? NAH. 



WHAT 

NEXT? 



I HAD AN OFFER, 
BUT MY WIFE FORBIDS 
ME TO go! 



FIELDWORK IN 
TENERIFE? 



GEOLOGICAL 
RESEARCH IN 
WALES? 



JOHN STEVENS 
HENSLOW 
professor 



)orwm s 
mentor 
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IN CHILE HE WITNESSED n 
SEVERE EARTHQUAKE. 



ON CAPE VERDE HE SAW CORAL 
AND SHELLS IN VOLCANIC ROCK. 



IN PATAGONIA HE TOUND 
FOSSILIZED SONES OF 
VARIOUS EXTINCT SPECIES. 



I’M SO FEET ABOVE 
SEA level! 



THIS MUST HAVE BEEN 
\UNDER WATER ONCE! 



THE GROUND IS COMING UP I 
GEOLOGICAL CHANGES CAN 
HAPreN QUITE abruptly! , 



•A GIANT SLOTH...? 



vrites. 



HE COLLECTED BIRDS ON THE GALAPAGOS ISLANDS. 



HE CAUGHT A GIANT TORTOISE WHICH 
HE BROUGHT HOME ALIVE. 



WRENS? 



MOCKINGBIRDS? 



WELL. LET THEM FIGURE 
IT OUT IN LONDON. 



SHE WAS CALLED HARRIET AND DIED 
IN 2006, 176 YEARS LATER! 



HE TOOK NUMEROUS NOTES WHILE TRAVELING, 



IN AUSTRALIA HE SAW RAT-KANGAROOS AND 
PLATYPUSES FOR THE FIRST TIME. 



OR ON BIOLOGY! 



1 MIGHT WRITE A BOOK 
ON geology! 



SURELY TWO DISTINCT CREATORS 
MUST HAVE BEEN AT WORK! 



‘ ORAV'^ 
TRAVEL journal! 



WELL. I LL 
FIGURE IT OUT 
WHEN ( M 
BRCK IN 
LONDON I " 
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TH6 BEflGLG RETURNGD TO ENGLAND ON OCTOBER 2, 1B36 - flTTER ALMOST FIVE YEARS. 



DARWIN IS FAMOUS NOW 
IN SCIENTIFIC circles! 



T 



IT’S GOING TO BE QUITE 
SOME WORK TO FIGURE 
IT ALL out! I’LL TAKE 




HEY, THESE 
BIRDS FROM THE 
GALAPAGOS ISLANDS 
ARE ALL OF THE 
SAME SPECieSl 



BUT ALL OF 
THEIR BEAKS 
ARE 

DIFFERENTl 



OVeR IHB NEXT TWENTY YEARS, HE HAD TEN CHILDREN 
AND WORKED STEADILY ON HIS THEORY. 



IN 1859 HE WAS READY: 

THE ORIGIN OT SPECIES WAS PUBLISHED 
AND WAS AN IMMEDIATE BESTSELLER! 
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INSECTIVOROUS 

PLANTS 



JiKSCHKT OK MAS, 



VI-Xnn-AHLK MOU1.D. 



THIS TIME 
SPECIFlCflLLY 
ON THE 
EVOLUTION 



HE DIED IN 1882, 73 YEARS OLD, AND WAS BURIED IN WESTMINSTER ABBEY, 



THOhnS HUXLEY 
BiotooLsi and called 



DRLTON 

HOOKER 



Datum's bulldog' 



ORCHIDS 



DARWIN'S THEORY SPARKED A HEATED DEBATE! 



TELL ME HUXLEY. ARE YOU DESCENDED FROM A MONKEY 
FROM YOUR MOTHER^S OR YOUR FATHER^S SIDE ? 



yeah! 



FOR INSTANCE IN OXFORD. JUNE 1860: 

AM NOT ASHAMED TO HAVE A MONKEY FOR MY 
ANCESTOR, BUT I WOULD BE ASHAMED TO BE 
CONNECTED wfTH A MAN WHO USES HIS TALENTS TO 
OBSCURE THE TRUTH ! 



DARWIN HIMSELF TOOK NO PART IN THE DEBATE - HE WAS INCREASINGLY ILL AND 
WORKED AT HOME ON NEW PUBLICATIONS ON B VARIETY OF SUBJECTS, 



CLIMBING PLfiNTS 



EVOLUTION 



CARNIVOROUS 

PLANTS 



WORMS 
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HEY, SHOULDN'T ^ YOU MEfiN ABOUT 



YOU, flS fl 
THEOLOGIST, 
COMMENT fl BIT ^ 
MORE ON DHRWIN? 



THE WHOLE 
EVOLUTION VERSUS 
CREATION 



I THINK IT'S SUCH 
fl NON-ISSUE! NO 
RELIGIOUS PERSON 
I KNOW LOSES ANY 
OVER it! 



BESIDES, ORIGINALLY, 

THE ISSUES WITH DARWIN'S 
THEORY WERE NOT ABOUT 
CREATION, BUT ABOUT 
NATURAL theology! 

1 / 



NA'l'URAL THEOLOGY 




ESPECIALLY THIS BOOK BY THEOLOGIST WILLIAM PALEY! 



DURING MY AGE AND STUDIES, 
NATURAL THEOLOGY 
PLAYED AN IMPORTANT ROLE! 



ISN’T IT OBVIOUS IT MUST 
HAVE BEEN MADE BY AN 
INTELLIGENT CREATOR? 



WE CAN GET 
TO KNOW GOD 
BY STUDYING NATURE! 



WALKING ON A 
DESERTED BEACH 
AND FIND A 
WATCH- 



NATURE IS SO INGENIOUS AND 
ELEGANT - IT MUST BEAR WITNESS 
OT AN INTELLIGENT DESIGN! 



BUT MY THEORY SUGGESTED 
THAT ALL THAT COMPLEX 
BEAUTY IS THE RESULT OT 
A NATURAL PROCESS! 



YOUNG 

DARWIN 



OLD 

DARWIN 
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AND WHAT 
A process! 



A COLD, CRUEL AND ARBITRARY PROCESS IN WHICH 
COUNTLESS SPECIES ARE DOOMED TO EXTINCTION 
IN FAVOR OF OTHERS THAT ARE BETTER ADAPTED! 





ONLY THROUGH THE 
REVELATION OF SCRIPTURE 
- THE BIBLE! 



r SORRY I IT SEEMS THAT YOU 
I ^E OUTSIDE creation! 






UP row not get 
I u KNOW GOD 
THROUGH nature! 



V WHAT KIND OF 
INTELLIGENT DESIGN 
IS THAT ?! 



WITH MY THEORY, 
I INVALIDATED 
NATURAL 
THEOLOGY... 



...AND BANNED GOD 
FROM nature! 



DID GOD DELIBERATELY 
CREATE THE 
PARASITIC WASP ? 



DID GOD DELIBERATELY 
LET MY TEN-YEAR-OLD 
DAUGHTER DIE? 



A GOD WHO COULD COME UP WITH THE 
MECHANISM OT EVOLUTION - DOES HE 
KNOW MERCY AND PITY AT ALL...? 
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BIOLOGY 






zfn: L-3i.^^if5im^iiiit:LJ^rt<-T:5;...i: .- 

jfc.1 • 



u ■ 



PAPYRUS 
1600 B.C. 



»!)■£££ 



fiL-JfiHIZ AVICENNA IBN AL-BAITAR 
7B1-B69 ±980-1037 1 ^1127-1248^ 

IRAQ IRAN \ ANDALUSIA 



HILDEGARD OF BINGEN 

1098-1179 

GERMANY 



AROUND THE SAME TIME, THE 
EGYPTIANS STARTED DESCRIBING 
ILLNESSES AND THEIR CURES. 



GREEK PHYSICIAN HIPPOCRATES 
(Sth century b.c.) is called 

"FATHER OF WESTERN MEDICINE', 



AYURVEDA ORIGINATED 3500 
YEARS AGO IN INDIA AND IS 
STILL PRACTICED TODAY. 



WHEN DID BIOLOGY START? 



I MADE MY PUPILS SWEAR AN 
OATH TO KEEP TO CERTAIN 
PROFESSIONAL RULES'. 



ITS ALL ABOUTTI MEDICAL HEALTH AND 
BALANCE In SPIRITUAL HEALTH 
I ARE INTERTWINED 



MODERN DOCTORS STILL 
SWEAR A SIMILAR OATH' 



IN THE MIDDLE AGES, THIS KNOWLEDGE WAS FURTHER ELABORATED. 



f I INTRODUCED \ MY BOOK WAS 

V THE IDEA OF THE 1 A STANDARD 

V FOOD CHAIN 1 



IN THESE AGES, MY 
WORK WAS 
AUTHORITATIVE' 



I KNEW A LOT ABOUT 
MEDICINAL PLANTS 
AND MINERALS' 



MY BOOK WAS \ I WROTE THIS ’ 
A STANDARD .1 PHARMACEUTICAL 
FOR centuries! ENCYCLOPEDIA! 



FOOD CHAIN! 

-\I 






?EuS>W BILE 

black bile 



SUME 



TYPES OT PEOPLE 
PASSIOfJftTE 

charismatic 

MEIjANCHOLIC 

phlegmatic 



GALEN 



f29 



200 



TURkEY 



HISTORY OF 

BIOLOGY 



WHEN WE STARTED 
NAMING PLANTS? 



WHEN WE STARTED 
FARMING? 



WHB1 WE STUDIED 
A SKELETON FOR„ 
THE FIRST TIME? 



WHEN WE STARTED 
USING PLANTS AS 
MEDICINE? 



SINCE ANCIENT TIMES, PEOPLE HAVE ACCUMULATED KNOWLEDGE OF PLANTS AND ANIMALS. 
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eveRYONE SEEMS TO BLINDLY 
fiSSUME THAT GALEN WAS 
ALWAYS CORRECT - BUT DOES 
ANYONE EVER CHECK THIS? 



IIS IDEAS ABOU' 
ANATOKY TOR 
INSTANCE? 



NOOOOl , 
GALEN CANT 
BE WRONGl 



PARACELSUS 
1495- tS41 



SWITZERLAND 



CARL LINNAEUS 
1707- 177S 
SWEDEN 



ROBERT HOOKE 
1635-1703 
ENGLAND 



MORE! 



ALL THOSE GEOLOGICAL 
ANO EVOLUTIONARY PROCESSES 
TR«EALOT OT TtMEi 



REHAK 

1S15-1865 



DARWIN 

1809-1882 

ENGLAND 



MENDEL 

1622-1884 

AUSTRIA 



SCHLEIDEN 

1804-1881 

GERMANY 



LORD KELVIN 
1624-1907 
SCOTLAND 



GEOLOGISTS, 

PALEONTOLOGISTS. 

BIOLOGISTS 



IN THE RENAISSANCE, OLD BUT INCORRECT IDEAS WERE DISCARDED. 



THE PHYSICAL SCIENCES RELY TOO 
MUCH ON REASONING AND TOO , 

. LITTLE ON GOOD observations! J 
LET'S REMEDY THIS? ^ 



THE PRACTICE Of MEDICINE WAS 
OFTEN STILL FULL OF MAGICAL 
ELEMENTS - I CHANGED THAtT 



HES m ARROGANT ASS 
BRILLIANT. BUT AN ASS! 



THE DR. HOUSE OF 
THE RENAISSANCE! 



ANDREAS VESALIUS 
1514-1564 
BELGIUM 






IN THE 17TH fiND 18TH CENTURY, MANY NEW SPECIES OT PLANTS AND ANIMALS WERE DISCOVERED. 



LOOK AT ALL THIS 
STUFF WE FOUND . 
IN THE NEW world! 



LET’S CAREFULLY 
SYSTEMIZE ALL OF 
THIS INFOMATION! 



BUILT ONE OF THE FIRST 
DECENT MICROSCOPES 
AND INTRODUCED THE 
CONCEPT OF THE CELL! 

-ir 



I AM CALLED THE 
FATHER OF 

microbiology! 

H;z> 



STATED THAT FOSSILS 
ARE REMNANTS OF 
LIVING ORGANISMS! 



NONSENSE! 
FOSSILS fiROU 
LIKE THAT IN 
THE ground! 
.. 1 



ANTONIE VAN LEEUWENHOEK 
1632-1723 

: THE NETHERLANDS 



NICOLAS STENO 

1630-1666 

DENMARK 



THE NINETEENTH CENTURY WAS A TIME OF RADICAL NEW THEORIES. 

T~ 



we FORMULATED THE CELL THEORY: 

- THE CELL IS THE BASIC UNIT OF 
STRUCTURE IN EVERY LIVING THING 

- CELLS MULTIPLY BY DIVISION. 

"V 



EARTH MUST BE MUCH 
1 OLDER THAN WE THOUGHT! 



CAME UP WITH 
HE THEORY C 

evolution! 



AND I DISCOVERED 
HE LAWS OF 
HEREDITYl. 



MAYBE EVEN AO 



MILLION years! 



SCHWANN 

1B10-1862 

GERMANY 
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^ftRINe BJOLOG? 

AQUATIC BIOLOg ll 

T ERReSTRIAU ^ 

JOReSTR l 

j yiROLOg t 

BOTfiNY 



IN THE TWENTIETH CENTURY, LOTS OF BRANCHES OF BIOLOGY DEVELOPED. 



ECOLOGY 
: ^GeTATiowiiS 
30PULAT ION biology 






I POPULATIONS I 



^LE ONTOlOGy 






-^HOLOGr 



INDIVIDUALS , 



"t^ONOMY rSPECI^ 

< ^CRbPHY5tOLOGy^> ^ 
physiology ~ 

Otology 
'cell biol o(^ 

^CHEMIST^ 



^OL UTIONARY 6IOLQG 
'lORPHOLOGY 



TISSUES 
jCeaULfiR LEVEL 
MOLECULAR LEVEL 



^O CRINOLOGY 
^EUROBI OLOGY 

MOLECULAR BIOLOGY 

E 



ana Tom y 

\JW0L0^ 



MOLECULAR GENETICS 



LATELY, DEVELOPMENTS IN SOME OF THESE BRANCHES MOVE AT INCREDIBLE SPEED. 



BIOLOGY USED TO BE 
DESCRIPTIVE FOR 
CENTURIES, BUT NOW 
BIOLOGISTS ARE 
EXPERIMENTING 
MORA a MnRpr 



IN AGRICULTURE: 



IN THE PHARMACEUTICAL INDUSTRY; 





WE'RE PRODUCING 
MEDICINE TO 
MAKE PEOPLE 
BETTER... 




..BUT NOT SO MUCH BETTER 1 
THAT THEY DON'T NEED 
MEDICINE ANYMORE, I 

OF COURSE! I 



AND THE FUTURE WILL BRING EVEN MORE POSSIBILITIES'. 



GENETIC MANIPULATION; 



WE SHOULD PAY MORE 
ATTENTION TO ECOLOGICAL 

SYSTEMS! ORGANISMS DON'T EXIST 
IN ISOLATION - THEY ARE 
CONNECTED TO EACH 
OTHER AND THEIR 

tPNTf 




environment! 




ECOLOGY 



1-40. 






GENETICS 





fi LONG TIME AGO. 
PEOPLE DISCOVERED 
THAT CERTAIN TRAITS 
ARE PASSED ON FROM 
GENERATION TO 
GENERATION. 



FRIEDRICH 

MIESCHER 



(uncoiled) 



DNA LOOKS A BIT LIKE 
THIS IN close-up! 



YES, BUT I WAS TH€ ONE ^ 

wh6 discovered THRT 

DNftCONTfllMS GENETIC 4 
INTORMfiTIOM} R 
I» 17441^ 

OSWAL D 
AVERY 



IT CONSISTS OF TWO 
"SPlNeS“ OF SUGAR 
AND PHOSPHATE 
MOLECULES, JOINED 
BY FOUR DIFFERENT 
BASES: GUANINE, 
CYTOSINE, ADENINE 
AND THYMINE! 



WE DISCOVERED 
THE SPECIAL HELIX 
STRUCTURE OF DNA 
IN 19531 , 



JteONUCt^ 






WATSON 



IN THE CHROMOSOMES 



AND 

JUST LIKE LANGUAGE, 
WHICH CONTAINS 
2€ BASIC ELEMENTS.. 



JUST LIKE INFORMATION ON A 
COMPUTER CONSISTS OF ONES 
AND ZEROS.,. —k * 



NAMELY, THE LETTERS 
OF THE ALPHABET.,. 



WE HAVE TO LEARN 
TO READ DNA! 



.,.GENETIC INFORMATION IS BUILT 
FROM ONLY FOUR BASIC ELEMENTS 







THIS WAY, I TIGURED OUT THAT THERE ARE 
DOMINANT AND RECESSIVE TRAITS, AND 
THAT THEY ARE PASSED ON IN A VERY 
PREDICTABLE WAY! 



GREGOR MENDEL 
(1622-1689) WAS 
AN AUSTRIAN MONK 
WHO WAS THE TIRST 
TO DESCRIBE THE 
LOWS OF 
HEREDITY. 



I RESEARCHED 
SEVERAL 
TRAITS LIKE 
HEIGHT, KIND 
OF FLOWERS 
AND COLOR 
& SHAPE OF : 
THE PEAS! 



FOR EXAMPLE 

COLOR 

(2) YEaOW (domiiuml) ^Yww' 
d> GREEN (recessive) 

SHAPE 

ROUND (deminonl) 

Cgj WRINKLY (recessive) J 



MOTHER: 



WITH PEA PLANTS! 



IN THE TWENTIETH CENTURY 
WE DISCOVERED JUST 
WHERE THIS BLUEPRINT 
FOR ALL THESE TRAITS 
RESIDES! 



IN (ALMOST) 

EVERY LIVING CELL, 



IN THE 
CELL NUCLEUS 



ANTONIE VAN LEEUWENHOEK 



GENETICALLY MODIFIED 
MAIZE AND TOMATOES 

1 PLAT fi ROLE (N 

DEVELOPING , 

flMTI-HIV 
, MEDICINE 



THE DEVELOPMENTS 
IN GENETICS ARE 
MAKING HUGE LEAPS 
IN THE PAST DECADES. 



NOT ONLY ARE WE ABLE TO CLONE, 
WE CAN AI^O REPLACE AND 
IMPROVE (PARTS or) DNA! 



WITH THIS KNOWLEDGE, WE COULD 
IN THEORY CREATE LIFE OURSELVES 



hello DOLLY, ihefiri 

dolly! l 



THANKS TO THfS PROJECT 
WE KNOW KOW HUMAN DNA 

IS structured! 



oeSlGHER 






WHERE WILL 
THIS LEAD US? 









TOR INSTfiNCe, 
WITH THIS COHPfiNY 
m CBLITORNIfl ! 



LET'S — , 
SCREEN 
THAT GENE 



IT SfiYS HERE THAT SOON 
EVERYONE CON HOVE HIS OR 
HER OWN DNO SEQUENCED! 



YOU 
KNOW 
WHOT? 



I'LL SUBSCRIBE! IT WON’T 
HURT TO KNOW IF I HOVE 
fiNY MORE HIDDEN DEFECTS! 



2/^ I ALREADy KNOW I 
HAVE HEART PROBLEMS 



Ythbt^ 

\ POS 



[THBrS ALREfiDY^ 
POSSIBLE ! 



AND ON MY 
MOTHER^S SIDE 
THERE^S A HISTORY 
OF ALZHEIMER’S! 







f IT COSTS 
1 100 DOLLARSl 



^ f THEY SENT THIS A 

^ I pac kage! ) I 



SPIT IN 
THE tube! 



A COURIER COMES TO PICK IT UP 
AND THE NEXT DAY IT*S IN 
THEIR lab! 



THAT S A WAY TO SPREAD 
YOUR GENETIC MATERIAL! 



THERE ARE QUESTIONNAIRES TO TILL 
OUT ONLINE ABOUT YOUR ANCESTRY, 

IT YOU WANT, YOU CAN INDICATE IT YOU 
WANT TO SHARE. 






EVERYTHING SEEMS WELL SECURED! 

BUT THEY DO WARN THAT INSURANCE 
COMPANIES MIGHT SEEK TO TAKE ADVANTAGE 
OF THIS KIND OF INFORMATION IN THE FUTURE! 



7 This man has 0 . 72 % more chance 



IN CASE YOU D LIKE 
TO FIND RELATIVES. 

OR NOT. 



105 O.p 



verage 



iMSUKBWCe 



es ihon Ihe 

Moke him pay more! 

Bon'i ^ know 
cost ^ insulin 
these «(cu^ 
J 
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VCPiH'T HEAR you! 



LflTGR 

TEST? 



WHY?! ARE YOU 
TIRED OF LIFE? 

— m: 



WELL, I HAVE NO WISH TO 
KNOW WHAT WILL KILL ME* 



DNA SEQUENCING IS NOT 
PREDICTING THE FUTURE! 



IT JUST SHOWS 

dispositions! 

' — V 



YES, AND 

HIDDEN defects! 



or hereditary 

DISEASES THAT ARE 
INCURABLE! 



I DON^ 
WANT TO 

know! 



I DON'T GET WHY PEOPLE GET SO 
FATALISTIC ABOUT DNA SEQUENCING! 
WHEN THEY BUY A HOUSE, DON'T 
THEY WANT A HOME INSPECTION? 



r>r 

ng! \ 



THIS BEARING WALL MIGHT BECOME 



UNSTABLE OVER T ME... 



1A5. 





THEY’RE PRETTY THOROUGH! THEY SHOW ALL 
KNOWN GENETIC DISEASES AND CALCULATE YOUR 
CHANCE or GETTING THEM COMPARED TO THE 
AVERAGE, 



AFTER 3 WEEKS 



IT'S HEREl 



THEY REFER TO THE RESEARCH 
IT’S BASED ON AND UPDATE 
^ WHEN THERE'S NEW INTO! 



AND THEY EXPLAIN THE EXTENT THAT IT'S A 
MATTER or DISPOSITION, SO TAR AS WE 
KNOW, AND WHAT THE NUMBERS MEAN. 



THEY GIVE CLEAR WARNINGS WITH CERTAI 
DATA AND EXPLAIN THE CONSEQUENCES 



WHATEVER. 

KEEP 

SCROLUNGi 



if you are carrier of this defect, 
your immediate famiiy is as we it 

Are you sure you 
want to see 
your resuits? 



WELL I'LL be! I ACTUALLY 
HAVE LESS CHANCE OF 
ALZHEIMER’S] 



WILL I GET A 
HUSBAND WITH 
ALZHEIMER'S 
OR WHAT?! y 



BUT THAT DOESN’T MEAN 
I CAN'T GET IT, ^ 

YOU know! I'M 

. , / RELIEVED 

V I ANYWAY] 



phew! 



Hutou for mu 
fathers oenesi 
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AND I JUST LIKE THG IDEA 
THAT MY DMA IS RECORDED 
SOMEWHERE. 



KNOWS, MAYBE 
, GET aONED 

100 years! 



C 



THEY MIGHT EVEN 
BE READING THIS 
RIGHT now! 

” 7 / 



yeah! OR THEY COULD 
COMBINE BOTH OUR DNA! 
WE MIGHT HAVE KIDS 



IN THE TAR 
FUTURE' 



(HPlH fl! 






DNA SEQUENCING IS NOT 
SCARY OR DIFFICULT AT ALL! 
I'LL SEND MY DNA TOO! 



AND ONE DAY, THEY'LL READ ^ 
THIS BOOK TO FIND OUT 
ABOUT THEIR PARENTS! 

^ 



WITH OUR DATA, WE 
CONTRIBUTE TO BETTER 
KNOWLEDGE AND RESEARCH! 




HELLO I children! MOMMY 
fiND DfiDDY LOVE YOU!!! 

EVEN THOUGH WE DON'T KNOW YOU! 



BE GOOD 
OVER THERE 
IN THE future! 



mo BEHAVE, WON'T YOU? 
THE FUTURE IS NOT A TOY! 



I BE RESPONSIBLE 

WITH OUR genes! 
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WERE 
GOING TO 
MEASURE 
MOUNTAINS 



ANOTHER SCIENCE THAT GREATLY 
DEVELOPED IN THE NINETEENTH CENTURY, 
IS GEOLOGY ! 



WE’RE GOING TO 
MRP THE NEW 
COASTLINES! 



1A0. 




GEOLOGY 




'o 





flftTURPiLlS 

H1ST0R% 



fiRISTOTLE 

38A-322B.C. 

GREECE 



THEOPHRASTUS 

371-287B.C. 

GREECE 



I WROTE ABOUT 
THE ORIGIN OT 
HOUNTAINS AND 

earthquakesT 



NICE, THESE THEORIES - BUT THEY NEB 
TO BE IN ACCORDANCE WITH THE BIBLE' 



THE BIBLE SAYS 
EARTH IS ABOUT 
5000 YEARS OLD! 



WHEN DID GEOLOGY START? 



HISTORY OF 

GEOLOGY 



WHEN WE STARTED 
GIVING DIRECTIONS? 



WHEN WE STARTED 
STUDYING ROCKS? 



WHEN WE BEGAN 
MINING MINERALS? 

Hematite! Tor tte 
beot/tiful 
rect cMor! 

i 



SWAZILAND 
A3,000 YEARS AGO 



THE ANCIENT GREEKS STARTED TO STUDY ROCKS SYSTEMATICALLY. 



I THINK THE EARTH CHANGES IN 
SLOW PROCESSES WE CANNOT 
PERCEIVE IN OUR SHORT LIVES. 



I DESCRIBED VARIOUS TYPES 
OF ROCK, FROM COAL TO 
MARBLE TO GEMSTONES! 



WROTE ABOUT ALL KINDS OF NATURAL 
STUFF, INCLUDING STONES! I ALREADY 
RECOGNIZED THAT AMBER IS FOSSILIZED 
TREE SAPl 



PLINIUS THE ELDER 

23-79 

ITALY 



DURING THE MIDDLE AGES, SCHOLARS BUILT UPON THIS KNOWLEDGE. 



THE INDIAN SUB- 
>NTINENT W 
SEA once! 



I HAD THEORIES 
ABOUT CLIMATE 
CHANGES THAT TOOK 
PLACE IN THE PASt! 



AL-BIRUNI 

973-10Ji8 

AFGHANISTAN 





AVICENNA 


fsHENKUO 


T 




980-1037 


I 1031-1095 






PERSIA 


1 CHINA 





AND THERE 
ONCE WAS A 
GREAT FLOOD 



CHRISTIAN SCHOLARS 
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hmpt! easy! those 

ARE REMNANTS OF 
PAST life! 



THEY CALL ME THE 
FATHER OF MINERALOGY! 

I WAS INTO MINING 
AND WROTE THIS BOOK! 



THEANCIENT GREEKS 
SAW THAT 

V ) already! , 



NICOLAS STENO 

1638-1686 



DENMARK 



HES right! 
THfltS WHY Hrs CfiLLS) 
THE TfiTHEH 0? GEOLOGYi 



JAMES HUTTON 
1726-1797 
SCOTLAND 



ABRAHAM WERNER 

t749-iei7,GERMfiNr 



I BROUGHT ms , 
BOOK ON MY journey! 
, LATER WE BECAME 
GOOD TRIEjNOSI 



CHARLES LYELL 
1797- 187S 
ENGLAND 



rev.buckland GEORGES CUVIER 



1769 -1852, FRANCE 



ENGLAMO 



ENGLAND 



AFTER THE MIDDLE AGES GEOLOGICAL RESEARCH INCREASED, AND SO DID THE CONTROVERSY. 



WHAT ABOUT ALL 

THESE FOSSILS? 



MAYBE THE DEVIL 
PUT THEM THERE 
TO CONFUSE us! 



AND THEY CALL ME THE 
FATHER OF STRATIGRAPHY! 
I STUDIED LAYERS OF 

rock! 



MEDIEVAL CHRISTIAN 
SCHOLARS 



f LEONARDO DA VINCI 1 


1 GEORG AGRICOLfi F 


1452-1S19 1 


1 1A94-1SS5 


\ ITALY 1 


1 GERMANY \ 



IN THE 18th century, THE CONFLICT BETWEEN NEPTUNISTS AND PLUTONISTS EMERGED. 



ALL THESE DIFFERENT LAYERS OF ROCK HAVE BEEN 
FORMED BY AN OCEAN THAT COVERED THE EARTH! 



NO, EARTH WAS FORMED THROUGH 
VOLCANIC processes! 






RLUXONISXS VOL^NIsfs 



IN THE 19th CENTURY, IT WAS CATASTROPHISM VERSUS UNIFORMITARIANISM. 



EARTH IS STATIC IN ITSELF. BUT IT CHANGES 
THROUGH PERIODIC CATASTROPHES! 



NO. EARTH IS CONSTANTLY CHANGING, IN 
GRADUAL processes! LIKE EROSION! 



UNIFORMITARIANISM SuauIm 



CBTBSTROPHISr^ 



151 . 




ALFRED WEGENER 
1800-1930 
GERMANY 



ENGLAND 



TROM THE 1960s ON, 
WE CALLED THIS . 
PLATE tectonics! 



IN THE TWENTIETH CENTURY, NEW TECHNOLOGY BROUGHT NEW INSIGHTS. 



EARTH IS A LOT OLDER THAN WE THOUGHT! 
PROBABLY A TEW BILLION YEARS! 



I THINK THE CONTINENTS ARE MOVING! 
I CALL IT CONTINENTAL DRIFT! 






IT ALSO BECAME POSSIBLE TO MAP THE BOTTOM OF THE SEAS 



THIS STARTED A WHOLE NEW SCIENCE 

oceanography! 



THERE ARE MANY THINGS UNDER 
WATER we DO NOT UNDERSTAND 



THE BOTTOM OT THE OCEAN MOVES WITH A SPEED O 



OR NSTRNCE DEEP SEA VENTS 



MODERN GEOLOGY DOESN'T JUST STUDY EARTH, IT STUDIES SPACE! 



CRATERS! 

mountains! 



THE MARS ROVER 
COLLECTS ROCKS 
AND STUDIES THE 
COMPOSITION OF 
THE GROUND ON 
MARS - 60 MILLION 
MILES away! 



ON THE MOON WE 
FOUND ROCKS 4.S 
BILLION YEARS OLD 
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THG AGE OF THE EARTH 




THE BIBLE SflYS: 'IN THE BEGINNING GOD 
CREATED THE HEAVENS AND THE EARTH"! 



BUT IT DOESN’T SAY HOW LONG 
"IN THE BEGINNING" LASTED! 



— MAYBE IT TOOK 
MILLIONS OF years! 



J 



ARCHBISHOP 
JAMES USSHER 
±1650 



98 MILLION years! 




3 



REVEREND 

WILLIAM AUCKLAND 
±1820 



I THINK: AT LEAST 
306.622.400 years! 



I ESTIMATE EARTH'S AGE 
TO BE BETWEEN 75,000 AND 
168,000 YEARS! 



0 



BASED ON 
EXPERIMENTS ^ 
WITH cooling! 



< 24 MILLION \ 

years!’ J 



approximately. 





WILLIAM THOMSON 



CHARLES DARWIN 
1859 



georges-louis leclerc 
COUNT DE BUTTON 
±1770 
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HISTORY OF THE EftRTH 




THE EARTH 
IS STILL A GLOWING 
ORB OF MOLTEN 
MATERIALS! 



FLUID , 
AND hot! 



THIS IS THE 
STUFF WE’RE 
ALL MADE OF 



300,000,000 



THE 

BEGINNING 

OF 

LIFE 



hurray! 

IT'S A 

ONE-CELLEI 
LIFE FORM' 



WATER VAPOR 
BECOMES 

fluid! 



13.600,000,000 



THIS IS WHfiT IT LOOKS 
II KE, LIVING IN COLONIES 
JUST BELOV THE M 
^ WATERLINE 



PHOTOSYNTHESIS 



BILLIOK 



i JUST WANT THE . 
HYDROGEN MOLECULES! 
I SPIT OUT THE , 
OXYGEN MOLECULES! 



STROMATOLITES ^AT^ 
MOLECULE 



3,400.000,000 



HERMWHILE, THE EARTH'S CRUST IS 
MOVING - CONTINENTS COME A«t> GO 
MUCH FASTER THAN NOW, BECAUSE THE 
INSIDE OF EARTH IS STILL VERY HOT* 



WHICH 

LEADS 

TO: 



a.,700,000,000 



OHNO,t 

NOTTHi 

Toxiq 

stuff! 



THE OXYGEN , 

CflTftSTROPHE! 



HE'S A COMPLEX ORGANISM, 
BUT THAT'S WHY I LOVE HIM! 



NflTURfiL NUCLEAR 
EXPLOSIONS r 
OCCUR IN GABON, 
AFRICA 



MULTICELLULAR 

LIFE 

FORMS 



SYMBIOSIS 

DIFFERENT SPECIES LIVING 
TOGETHER IN MUTUAL 
COOPERATION 



FORMATION OF THE 

OZONE LAYER 

OXYGEN (02) (( 

+ UV-LIGHT = Vi 
OZONE (Oj) 



UNDER WATER, THAT IS, 
ABOVE THE SURFACE 
EARTH IS STILL PRCTTY 

uninhabitable! 



IS 

BILLION 

YEARS 

AGO 



6500,000,000 



EXPLOSION OF LIFE 



METEOR 
IN AUSTRALIA 
MAKES 60 MILE 
CRATER 



VOLCANIC 

ACTIVITY 

RODINIA BREAKS 
INTO PIECES 



OCEANS FREEZE, 
EARTH’S LAND MASS 
COVERED IN ICE 



OF ANIMAL 
SPECIES - 
EXTWCT 



9G% OF ALL SEA ANIMALS^ 
-& 70% OF ALL VERTEBRATE 
LAND ANIMALS EXTINCT 



MISSING 

UNK 



GARTH IS ''" 
COLD & DRY 



^lOO.OOO.OOO 



<- METHaNe 

KEEPS HEAT 
I INSIDE EARTH S 
^ ATMOSPHERE 



THE GReftT: DYING 



METEOR FIRST 
REPTILES 



[PGRCQNTtNENT 









THE GEOMAGNETIC FIELD FORMS A 
PROTECTIVE LAYER AROUND THE EARTH, 
IN WHICH THE ATMOSPHERE DEVELOPS. 



AN EARTH DAY 
LASTS t4 HOURSJ 



METEORITES 
BOMBARD THE 
YOUNG EARTH. 



SLOWLY, THE EARTH COOLS 

)oiu\ THE SURFACE 

N[ ) SOLIDITIES. 



IT MUST 
HAVE 
SMELLED 
AWFUL! 



^THE ATMOSPHERE CONSISTS OF 
CARBON DIOXIDE, WATER VAPOR, 
METHANE AND AMMONlAl 



nope! 

NOT 

yet! 



HURRAY, oxygen! 

NOW we CAN ^ 
FINALLY breathe! 



THE OXYGEN IS 
INSTANTLY USEE 
FOR OXIDATION 



YOU'RE NOT 

evolving! 



WHY ^ 
WOULD I? 



FOR ABOUT A BILLION YEARS, 
ONE-CELL LIFE FORMS ARE 
THE ONLY LIFE ON EARTH! 



Qo read a book 



NOW m 
EVEN 

cooler! 



METEOR 

IN CANADA 
ISO-MILE CRATER 



EARTH IS FREQUENTLY HIT 
BY OBJECTS FROM SPACE. 
THIS IS THE FIRST HIT WE 
HAVE SOME INFORMATION ON I 



METEOR HITS OFTEN HAVE 
WORLDWIDE REPERCUSSIONS! 
THEY CAUSE EXTINCTIONS AND 
RADICAL CLIMATE CHANGES! 



VIRTUALLY ALL LAND MASS 
SITS TOGETHER IN 
ONE GIANT CONTINENT! 



SUPERCONTINENT 

— RQpINja. 



AN EARTH DAY 
LASTS 10 HOURS 



BILLION 



(CAUSE UNKNOWN) 



900000.000 



FIRST 

.HUMAN 



IN OTHER WORDS:^^> 

GARTH IS 

—ousting! ^ 



WHY? 

WHAT 

HAPPtN^D? 



METEOR 

, ^CANADA TJRST 



CONTINENTS 



^ 1 1 ROD OOO OOOl 


1 


WITH NO METHANE IN 
THE ATMOSPHERE, THE 
■ “ ■ TEMPERATURE DROPS. 

. f « • M W 


w. 

V M 







HISTORY or MAN 



WE KNOW THAT LESS THAN 2 MILLION YEARS AGO, 
A SPECIES EMERGED IN ATRICA THAT WALKED 
UPRIGHT AND HAD A MUCH LARGER CRANIAL 
CAPACITY THAN ITS PREDECESSORS. 



WE ACTUALLY KNOW VERY 
LITTLE ABOUT THE , 
DEVELOPMENT OF MAN! 



1.8 

MtLLfON 

YEARS 

AGO 



HOMO ERECTUS 



WE CAME IN MANY SPECIES. WALKED UPRIGHT 
^ AND EVEN USED TOOLS SOMETIMES! 

A HOMO ERECTUS A ' ^ 

WAS WAY. 4k 

jm superior! i^K 



WE HAD TO! those PREDECESSORS HAD LEFT 
REES ^ THE TREES MILLIONS OF YEARS 
^ 4'W-c BEFORE THAT, AND LIVED ON 

THE GRASSY PLAINS OF AFRICA. ^ 



WE'VE FOUND BONES 
WITH CERTAIN 
DEFORMITIES! - 



THESE ONLY OCCUR 
AFTER MONTHS OF 
ILLNESS! .. 



THIS PERSON MUST 
HAVE RECEIVED 
CARE! _ , 

tr»0T.I«>tl \ 
WOULD 

mvs OBO 

aooNeBT W' 



HOW DO WE 
-A KNOW 

«31|that? 



HOMO ERECTUS WAS A HUNTER. 

HE MADE FIRE AND COMPLEX TOOLS, 

AND TOOK CARE OF THE SICK! j 



HOMO ERGCTUS SPREAD ACROSS THE EARTH AT AN AMAZING SPEED! 

vft\eee'. 



DID THEY HfiVE ^ 
BOfiTS flLREflDY? 



WELL, MAYBI 



NOl THEIR LflRYWKWflS 
IN THE WRONG PLftCEl 



DID THEY Hfi\ 
t LANGUAGE 



\r THEY DID, WHAT WOULD ^ 
THEY HAVE TALKED ABOUT ?J 

WoUdi ihey have used U 
onLtj for orders and 
"7 ■■ )r wonunqs? Or would liieq 

1 K I W ui o n : 



LOOK AT THEIR brains; 
ITHEY MIGHT HAVE HAO! 



SOUNDS^ 



by grunts 



^ THE ASHES IN THE ATMOSPHERE 
BLOCKED OUT THE SUN. THIS CREATED 
MORE SNOW AND ICE. WHICH REFLECTED 
SUNLIGHT, COOLING EARTH EVEN MORE. 
IT WAS VERY COLD FOR A LONG TIME. . .< 



640.000 YEARS AGO THE 
SUPERVOLCANO IN YELLOWSTONE 
ERUPTED. NO HUMANS WERE 
LIVING IN AMERICA CWE THINK), 
BUT THE EFFECTS WERE FELT 
WORLDWIDE. 



800 

THOUSAND 

YEARS 

AGO 



HARDLY EVER A 
WHOLE SKELETON' 



EVERY NEW FIND IS 

A breakthrough! 



THE PROBLEM WITH PALEONTOLOGY 
IS THAT OUR THEORIES ARE BASED 
ON VERY LITTLE EVIDENCE! 



600 

THOUSAND 

YEARS 

AGO 



HOMO SAPIENS IS THE NAME OF OUR OWN SPECIES. WE EMERGED IN AFRICA, ABOUT 200,000 YEARS 



559* ACHIEVEMENTS: workin; metal NUCLEAR ENERGY 



GENETIC RESEARCH 
REVEALED THAT 
WE ARE ALL ^ 

DESCENDANTS £ 

OT ONE WOMAN K 

wi*SkiyS> about ~ 

160,000 YEARS AGO. _ 



YOU ALL HAVE MY HOMO SAPIENS LEFT 
M.TOaj^R.AL flreiCA. 



SEWING aOTHES 



PLASTIC 



PGRICUl.TURE 



THOUSAND 

YEARS 

AGO 



10,000 Kits AGO 



60,000 YRS AGO. 



CHRRflCTERISTICS 



NO HEAVY BROW *N THE SKULL 
LARGE BRRfN VOLUME 

CAPACITY TO PASS ON NON-HEREDITARY BEHAVIOR (CULTURE) 
LANGUAGE 



1 " 1 


1 P 400 


1 . - ■ . ■’ 


THOUSAND 


1 ’ 1 


1 YEARS 


i'V 


1 AGO 












AT LEftST we, HOMO SflPJENS, 
WON’T HAVE TO WORRY 
THAT OUR PRESENCE ON 
EARTH WILL GO UNNOTICED! 









r 



WE’RE ALREADY LEAVING A 
TRAIL OF PLASTIC AND NUCLEAR 
WASTE THAT WILL BE THERE 
FOR MILLIONS OF YEARS TO COME! , 

J 





ooh! classic homo sapiens! 





SCIENTISTS 
07 THE 
FUTURE 



1S7. 



6YTHE END OF THE NINETEENTH CENTURY 

PEOPLE THOUGHT SCIENTIFIC DISCOVERIES WERE ALMOST AT AN END* 





I INTRODUCED THE 
PERIODIC TABLE FOR 
CHEMICAL elements! 





I DISCOVERED THE ELECTROMAGNETIC 
RADIATION WE NOW CALL X-RAYS! 



THOSE Aa 
OBEY THE 
SAME LAWS, 
FOUND out! 
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EINSTEIN 














KONRAD 

HflBICHT 

1676-1956 



MAURICE 

SOLOVINE 

167S-1956 



MILEVA 

MARIC 

1675-1946 



MICHELE 

BESSO 



ALBERT 



ENS 



WHPIT DOES IT TAKE TO BE fl B RILLIANT SCIENTIST? 

BUT MOST or ALL: fl CREATIVE MIND ! 

THIS WAS NOT ENCOURAGED AT MY HIGH SCHOOL. 

EINSTEIN, 

YOU WON'T GO far! 

» 1 « LJPUiTi 1 nc»r\ 

BORN: 1079, GERMANY. 

GREW UP IN SWITZERLAND. 

HE LIVED IN AUSTRIA, 

GERMANY. BELGIUM AND 
EMIGRATfo TO THE 
UNITED STATES 
IN 1933. 

DIED: 1956, USA. 

practicai7 intelligent FRIENDS TO SHARE YOUR IDEAS WITH~^ 






I HELPED WE FORMED ft CLUB WITH HIM: THE 
HIM WITH OLYMPIA flCADEMVl WE ATE 

geometry! together, READ BOOKS, TALKED 
• ABOUT ANYTH ING AND EVERTH ING I 



I MET HIM AT THE 
POLYTECHNIC INSTITUTE 
WHERE WE STUDIED 
TOGETHERl WE MARRIED 



I WAS HIS BEST TRIEND AND 
COLLEAGUE AT THE PATENT 
office! he CALLED ME 'THE 
BEST SOUNDING BOARD 
- IN EUROPE'! 



WITH FRIENDS LIKE 
THMTj WHO NEEDS 
f=5 UNIVERSITY 
EDUCflTION? 



MfiRCEL 

GROSSMANN 

1678-1936 



THE TIME MUST BE 1 _ 






MY 

VONDER 

YEAR’! 



26 YEARS 
OLD 



SON 



HANS 



ALBERT 



THErTwERE a 

SOME UNSOLVED 
PROBLEMS 
IN physics! 



J 



I GOT TO PUBLISH MY ARTiaeS 
ABOUT THESE PROBLEMS IN THE 
PROMINENT SCIENTIFIC 
MAGAZINE ’ANNALEN DER PHYSIK'! 



WORKING 

AT A PATENT OFFICE, 
EVALUATING PATENT APPLICATIONS 
TOR ELECTROMAGNETIC 
DEVICES. 



IN 190S I PUBLISHED 
TOUR ARTICLES 
THAT CHANGED SCIENCE 

fundamentally! 
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EVERYONE KNOWS MY 
TflMOUS EQUATION 





E IS FOR 
energy! 



J 







BUT WHAT DOES 
IT MEAN EXACTLY? 







E s im© 



C IS THE 
SPEED OF LIGHT 




D 



MASS AND ENERGY ARE THE SAME! 
ENERGY IS FREED MATTER, AND 
MATTER IS FIXED ENERGY! 








IS A HUGE NUMBER! 
(186,000 MILES PER HOUR TIMES ITSELF!) 



3C 




THIS MEANS THAT IN EVERY PIECE 
OF MATTER, A HUGE AMOUNT OF 
POTENTIAL ENERGY IS STORED 

- EVEN IN YOU * 



THIS EXPLAINED HOW 
RADIATION WORKS. 



THE HUMAN BODY HARBORS 
7 TIMES 10^® JOULES OF POTENTIAL 
ENERGY - THAT’S 30 HYDROGEN BOMBS! 
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NEWTON HAD DESCRIBED 
GRAVITY, BUT HE HAD NOT 
EXPLAINED IT I 



so IT STia REMAINED 
fl RATHER MYSTERIOUS 
POWER-AT-R-DISTANCE 
THIS BOTHERED ME. 



SO FAR, SCIENTISTS 
ASSUMED THAT TIME AND 
SPACE WERE ABSOLUTE 
CONCEPTS' 



BUT 1 FIGURED THEY ARE 
RELATIVE - DEPENDANT ON 
THE OBSERVER' 



SPACE WILL ALWAYS 
BE THE same! IT 
DOES NOT move! 



I WENT EVEN 
FUTHER: 

THEY ARE \ 
INEXTRICABLY M 
LINKED IN THE \ \ 
WHOLE OF U 
SPACE-TIME ! J~ 



YOU CAN PICTURE IT LIKE A 
RUBBER SHEET IN WHICH OBJECTS 
CAUSE DENTS - THESE DISTORTIONS 
IN SPACE-TIME MAKE OBJECTS 
'ROLL' TOWARDS EACH OTHER. 

THAT'S GRAVITY ! 



NEWTON 
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TUNNY TACTS C 



I TOLD YOU YOU NEEDED 
n CREATIVE MIND'. 




IN MY THEORY, THESE CLOCKS 
ALWAYS DISPLAY THE SAME TIME! 



EVEN WHEN YOU SEND 
ONE INTO space! 




IN MY THEORY, A CLOCK THAT IS IN 
MOTION WILL RUN A LITTLE SLOWER! 




NEWTON 



WHEN YOU MOVE, 
TIME GOES SLOWER. 

BUT YOU DON'T 
PERCEIVE THIS 
YOURSELF! 




EINSTEIN 



A TRAIN THAT SPEEDS^^ 
BY AT 60?6 OT THE 
SPEED OT LIGHT... 



J1 



LOOKS COMPRESSED 



^ THE CLOCK ON THE TRAIN 
WHEN WATCHED , [1 

FROM THE STATION ij CLOCK IN THE STATION - 



EVERYTHING ON THE TRAIN 

if 



MOVES slower! 




BUT TO THE PEOPLE 
ON THE TRAIN, EVERYTHING 
SEEMS normal! 
















111,600 MILES per second 










1 8 IB Him g mm nil miiiDii hub 



SPACE 

TARDIS ® 

“^■il 




SeeNFROMfl 
^ STflTlONfifty 

oi OBSERVER 


A 


i 


1 ';«!■? 


DISTANCE r 
TRAVELED 1 







WHEN SOMETHING ACCELERfiTES, ITS MASS INCREASES. 

( THE CLOSER YOU GET V" 

TO THE SPEED OT 
LIGHT, THE HEPiVlER 
YOU GETl 




THE ADDED ENERGY OT 
THE ACCELERATION IS 
CONVERTED TO MASS I 



D 



E=MC^, REMEM6ER? 



PAST 



TUTURE 



TIME 



A. AT A STANDSTILL, TIME MOVES NORMALLY. 

B. IN MOTION, TIME SLOWS (NOT NOTICEABLY). 

C* IN RAPID MOTION OVER LONG DISTANCES, 

TIME SLOWS EVEN MORE (NOTICEABLY*). 

D. AT THE SPEED OT LIGHT, TIME STANDS STILL. 

E. CONCEIVABLY, AT A SPEED GREATER THAN 
THE SPEED OT LIGHT, 

TIME WOULD GO 
BACKWARDS* 



(! 



EXERCISE TO LOSE WEIGHT?! 
I DON'T THINK SO! 



IS THAT flLL REPILL 
TRUE? OR JUST 
THEORY? 



c 



BUT NOTHING GOES 1 
TASTER THAN 
THE SPEED OT 
LIGHT 1 





AS SOON AS I MOVE, 
I GAIN WEIGHT* 



. S REAL* ALL OT THESE 
ETTECTS WERE MEASURED* 






WE JUST DON'T 
EXPERIENCE THEM 
IN DAY-TO-DAY LITE! 
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CONFIRMED IN 1919 DURING m ECLIPSE. 



H6Y, IS 
THflT- 



HGY, professor! 
EXPLAIN US YOUR 
TKEORY, WILL YOU? 



I'M flPRflID YOU ARE 
CONFUSING ME WITH 
SOMEONE else! ^ 

' — TT { I GET 

THAT ALL 
THE time! 



THE SUN BENDS THE LIGHT OF 



THE STARS BEHIND IT! 



ARTHUR EDDINGTON 
1882- 19 
ASTRONOMER 



Tran tibe islansE 
PHftdpe on 
me equaw 



IN 1933 THE NAZIS CAME TO POWER IN GERMANY, 



HE WAS ONE OF THE LEADERS ON THE SUBJECT 
OF QUANTUM THEORY AND TOOK PART IN THE 
FAMOUS SOLVAY CONVENTION IN 1927. 



THEORETICAL PHYSICS IS 
NOT REAL science! 



WE'RE EMIGRATING 
TO AMERICA! 



SCIENCE 
SHOULD BE 

practical! 



WITH HIS USELESS 
THOUGHT experiments! 



We want to 
builot bombs! 



NIELS 

BOHR 



IN 1939 HE ADVISED PRESIDENT ROOSEVELT 
TO CONDUCT NUCLEAR RESEARCH. 



EINSTEIN DIED IN AMERICA IN 1955. 
HIS BODY WAS CREMATED, 

BUT HIS BRAIN WAS PRESERVED. 



WE KNOW THAT 
HITLER WANTS 
TO MAKE AN 
ATOM bomb! 



HE WILL NOT HESITATE 
TO USE it! 



MAYBE WE'LL FIND OUT 
WHAT MADE HIS 
MIND SO 

exceptional! 



THERE’S 
A WEIRD COIL 
HERE ! 



IN HINDSIGHT. I 
REGRET DOING THIS! 



SCIENTISTS \ 
FLED FROM 
NAZI GERMANY 



THE THEORY OF RELATIVITY PREDICTS THAT 
HEAVY OBJECTS BEND LIGHT. THIS WAS 



THIS CONFIRMATION OF HIS THEORY MADE 
EINSTEIN INSTANTLY WORLD FAMOUS! 
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QUANTUM 

THEORY 



WHEN DID QUANTUM THEORY START? 






HISTORY or 

QUANTUM 

THEORY 



WG KNOW ’ OCTOBGR 19, 1900! 
EXACTLY THE DAY I INTRODUCED 
WHGN ! I THE WORD QUANTUM ! 




BUT YOU COULD ARGUE THAT IT 
STARTED WHEN WE BEGAN 
PONDERING THE PROPERTIES 
or LIGHT! 



IS LIGHT 
A WAVE OR 
A PARTICLE? 



MAX PLANCK 
1658 -m? 
GERMANY 



ARISTOTLG 
5th century 6.C, 
GREECE 




IT STARTED AS A QUICK TlX TOR A TEW PERSISTENT PROBLEMS IN THE 19TH CENTURY. 



THE RADIATION OT 
A SIMPLE TIRE 
SHOULD REALLY 
INCINERATE US! 




IT WE THINK OT 
RADIATION AS LITTLE 
PACKETS OT ENERGY, 
IT MAKES sense! 



THIS LIGHT BEAM 
KNOCKS ELECTRONS 
LOOSE TROM METAL! 

IfiT BE? 



HOW CAN THAT BE? 



T I CALL IT 

I quanta! 







MAYBE ALL ENERGY, 
INCLUDING LIGHT, 
CONSISTS OT THESE 
QUANTA OT PLANCK! 

WELL, NOT REALLY, 
&UT LET'S flCCEPf 
THAT AS A MODEL 
TOR NOWT 



THE PHOTO-ELeCTR(C 
EFFECT 




UNTIL WE FIND 
A MORE LOGICAL 
EXPLANATION 
THAT FITS 
WITH THE 
CLASSICAL 
THFfMJY* 



NO OTHER EXPLANATION CAME. THE 'ILLOGICAL' QUANTUM THEORY WAS THERE TO STAY! 



BUT THAT MEANS THAT 
ENERGY BEHAVES BOTH 
AS A WAVE AND AS 
A PARTICLE! 



WE CAN NEVER MEASURE 
BOTH SPEED AND POSITION 
AT THE SAME TIME! 



THAT GOES AGAINST THE CLASSICAL OPINION THAT 
ALL NATURAL PHENOMENA ARE THEORETICAUV 

MPfiSI P fiNPl THPPPPOPP PPPPlirTBRI Pl 




QUANTUM THEORY 
MAKES THE UNIVERSE 
A FUNDAMENTALLY 
UNPREDICTABLE 
place! 



V 



PLANCK 



EINSTEIN 
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THE COPENHAGEN 
INTERPRETATION 
BY HEISENBERG, 
BORN & BOHR, 1927 



LOUIS DE BROGUE 
1892-1987 
TRANCE 



MAX BORN 
1882-1970 
GERMANY 



NIELS BOHR 
1885-1962 
DENMARK 



BUT THAT’S 

crazy! 



IMAGINE: 
YOU PUT A CAT 
IN A BOX WITH 
A RADIOACTIVE 
MECHANISM AND A 
BOTTLE OT POISON. 

THERE'S 50 % CHANCE 
lA the RADIOACTIVE 
MATERIAL WILL 
DECAY AND 
RELEASE THE 
POISON. 



ERWIN SCHRODINGER 
1887-1961 
AUSTRIA 



BUT I STILL 
DON'T LIKE it! 



VARIOUS SCIENTISTS THOUGHT ABOUT THE IMPLICATIONS OT QUANTUM THEORY. 



I TOUND OUT THAT QUANTUM 
APPLIES TO ALL MATTER! 

NOT JUST RADIATION AND 
LIGHT! 



I CAME UP WITH 
THE UNCERTAINTY 

principle! 

THERE WILL ALWAYS 
BE UNCERTAINTY 
EITHER ABOUT 
THE PLACE OR 
THE SPEED OTA 
PARTiaEl 

We oonnoi 
measure bolh ai ihe 
same lime! 



APPARENTLY, THIS UNCERTAINTY IS REAL AND TUNDAMENTAL! 

A PARTICLE HAS NO SPECITIC POSITION UNTIL WE 
MEASURE it! BEFORE THE MEASUREMENT, IT EXISTS 
IN A KIND OF PROBABILITY STATE! 



I WILL DEMONSTRATE JUST HOW CRAZY BY THIS THOUGHT EXPERIMENT 



WERNER HEISENBERG 
1901-1976 
GERMANY 



AND WHAT YOU ARE ACTUALLY 
SAYING IS THAT THp WT IS 
60% DEAD AND 5(5% ALIVE 
UNTIL THE MOMENT WE LOOK 
IN THE box! 

YES, THAT’S WHAT 
IT BOILS DOWN TO. 



IN OCTOBER 1927 ALL THE PROMINENT QUANTUM SCIENTISTS CAME TOGETHER IN BRUSSELS, 
AT THE FAMOUS SOLVAY CONVENTION, TO TALK ABOUT THEIR IDEAS. 



QUANTUM THEORY INDICATES THERE'S A CLOSE RELATIONSHIP BETWEEN OBSERVER AND EXPERIMENT! 
REALITY IS ONE BIG SYSTEM IN WHICH EVERYTHING IS CONNECTED! 
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WHAT 

ABOUT 

LIGHT? 



WAVE PARTICLE 



WHAT ARE THE BASIC PARTS THAT 

MAKE UP EVERYTHING? 

WHAT DO THEY LOOK LIKE? J SMALL, SOLID 
HOW DO THEY BEHAVE? .. ^ INDIVISIBLE 



DEMOCRITUS 

±460- ±380 B.C, 
GREECE 



PARTICLES 
THAT MOVE IN 
A STRAIGHT 

line! 



I THINK LIGHT IS NOT 
PARTICLES, BUT A 
DISTURBANCE IN THE 
ELEMENT AIR! 



I THINK LIGHT MOVES 
IN RAYS, CONSISTING 

or LIGHT particles! 



I'M CALLING 
THEM A-TOMS! 

SSU! 



LIGHT MOVES 
THROUGH AIR 
LIKE A wave! 



ARISTOTLE 

394-322B.C. 

GREECE 



ALHAZEN 

96S-±1040 

PERSIA 




^WHEN YOU SHOOT SOLID PARTICLE^V 
LIKE MARBLES, THROUGH A SLIT, 

YOU GET A PATTERN ON THE SCREEN 
BEHIND or A STRAIGHT LINE! 



THE DOUBLE-SLIT EXPERIMENT 




^ WHEN YOU USE TWO ^ 
SLITS, YOU GET THE 
i PATTERN OT TWO 
\ STRAIGHT LINES 1 ^ 



NOW LET’S REPEAT THE ^ 
EXPERIMENT, BUT THIS 
TIME WITH w aves! J 







I FIGURED IN 1905 THPIT LIGHT IS MADE 
OF PACKETS OF ENERGY - QUANTA - 
THAT BEHAVE SOMETIMES AS A WAVE. 
AND SOMETIMES AS A PARTICLE! 



JUST WATCHi)[ 



WHEN YOU TIRE PHOTONS AT TWO SLITS, 
THEY GIVE THE PATTERN OF A WAVE 
PASSING THROUGH BOTH SLITS! 




0 






96? 696? 6^: 0^0^ 69 696^6? 69 c 





YOU CRN STOP FIGHTING, BOYS! 

MY DOUBLE-SLIT EXPERIMENT 
PROVED CONaUSIVELY IN 180S THAT 
LIGHT IS flWflVEl 



THOMAS 

YOUNG 

1773-1029 

ENGLAND 



REN§ 

DESCARTES 

1S96-16SO 

FRANCE 



LIGHT IS particles! 
ONLY PARTICLES CAN MOVE 
IN SUCH STRAIGHT LINES! 

' K 



WAVE 



LIGHT IS A wave! 

IT TRAVELS AS AN IMPULSE 
THROUGH OTHER ATOMS! 



NATURE 
KNOWS NO 

vacuum! 







A WAVE THAT GOES THROUGH 
ONE SLIT GIVES THE PATTERN 
OF ONE STRAIGHT LINE... 



I SHOWED THAT LIGHT MOVING THROUGH TWO 
SLITS GIVES THE SAME MULTIPLE PATTERN! 



A WAVE THAT PASSES THROUGH 
TWO SLITS GIVES THE PATTERN 
OF MULTIPLE LINES ! 



SO LIGHT IS 

A wave! 




NOW \ f WHEN WE PUT A DEVICE AT THE 
HERE'S \ TWO SLITS TO DETERMINE 

\SOMETHING THROUGH WHICH SLIT THE PHOTON 
TUNNY: I TRAVELS. WE GET THE PATTERN 
A PARTICLE WOULD GIVE! 






SO THE TACT THAT 
WE ARE OBSERVING, 
ALTERS THE 
BEHAVIOR OT THE 
QUANTUM PARTICLE? 



BUT HOW CAN WE VISUALIZE SUCH A 
PARTICLE? IT IS A PARTICLE AND A WAVE 
AT THE SAME TIME! OUR BRAIN HAS NO 
IMAGE TOR THIS! 







0?6?6?6?6? i '?6 



?i?6?6?6?6?<i." 





MANY SCIENTISTS USE QUANTUM THEORT 
AS SOMETHING PURELY PRACTICAL.. 



AND YOU GET THE 
EXPECTED OUTCOMES 
OH THE OTHER SIDET 



YOU PUT tH 
DATA ON 
THIS SIDE- 



EVEN , 

religion! 



IT works! 



QUANTUM 

TQRMULAS 



IF fl TREE FfiLLS IN THE WOODS AND THERE IS 
NO ONE AROUND TO HEAR, DOES IT MAKE A SOUND? 



BUT WHftT DOES 
QUANTUM MEAN? 



WHAT DOES IT 
TELL US ABOUT OUR 
DAY-TO-DAY 
REALITY? 



IT SOUNDS LIKE THAT AGE-OLD RIDDLE; 



IS IT SOMETHING REAL? 



AND OTHERS SPECULATE ABOUT THE 
ROLE CONSCIOUSNESS MIGHT HAVE. 



r 



HOWEVER IT MAY BE, QUANTUM THEORY 
IS ONE OF THE FACTORS THAT HAS LED 
TO A SHIFT IN THE WAY SCIENCE 
VIEWS THE world! 



> 
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THE CLflSSICflL WORLDVIEW 



DETERMINISM 
ouTcoMes or pRocesses 

ORe THEORETICPILLY FIXED 



IF WE'D KNOW POSITION 
AND SPEED or EVERY 
PARTICLE IN THE 
UNIVERSE... 



...WE WOULD 
BE ABLE TO PREDICT 




THE UNIVERSE LOOKS LIKE fl 

MACHINE 




EMPHASIS ON 
. STUDYING 






PARTS 



OPPOSITES PIRE 

INCOMPATIBLE 



THINGS 

BEHAVE EITHER 
AS A WAVE... 




G ASA . 

particle! 

NOT , 

both! 



OBJECTIVE OBSERVATION 



THE THINGS I OBSERVE 
ARE THE SAME TO 



OBSERVER! 




IT HAS NOTHING TO 
DO WITH ME AS AN 

individual! 



REDUCTIONISM 



COMPLEX THINGS CAN BE STUDIED 
BYJ;ia*3«HliL'^THEM TO 
SMALL FUNDAMENTAL 
PARTS 



nJDn 




THE QUANTUM WORLDVIEW 



NON-DETERMINISM 

OUTCOMES AREN'T FIXED 



WE CAN'T KNOW BOTH 
POSITION AND SPEED 
OF A PARTICLE 
AT THE 

SAME TIME! ^ 




HARD PREDICTIONS Tglli, , 

ONLY STATISTICAL 
' PROBABILITIES! 



THE UNIVERSE LOOKS LIKE AN 

ORGANIC SYSTEM 




EMPHASIS ON 
STUDYING THE 

[OF PARTS 



OPPOSITES 

COMPLEMENT EACH OTHER 



QUANTUM PARTICLES 



BEHAVE AS WAVES 
AND PARTICLES I 

IT'S LIKE__, 
ANDi'l^:! 



NIELS BOHR ^ 




SUBJECTIVE PARTICIPATION 



THE THINGS I OBSERVE 



I’M NOT SEPARATE FROM 




COMPLEX THINGS CAN ONLY BE STUDIED 
AS THE ii^rtNqSiUisiaailjtf ^ . 

OF THEIR PARTS T|||M ^ 














ire! thrt's what we 

[OUGHT! IN THE LATE 
'TH CENTURY. 



WHO KNOWS WHAT 
RADICAL NEW 
INSIGHTS ARE 
STILL TO COME? 



NeXT STOP; 

B THEORY OF 

EVERYTHING? 



AT THIS MOMENT WE HAVE TWO THEORIES 
THAT TOGETHER EXPLAIN 
ALL NATURAL PHENOMENA. 



2 . QUANTUM THeORY 

DESCRIBES THE BEHAVIOR Of 
ENERGY AND PARTICLES AT 
THE LEVEL OF THE SUPERSMALL 



1 . THEORY OF RELATIVITY 

DESCRIBES THE BEHAVIOR OF 
MATTER AND ENERGY IN SPACE 
AND TIME OVER VAST DISTANCES. 



NEWTONS 

LAWS 



ON EARTH LEVEL, 
NEWTON'S LAWS SUFFICE 
IN DESCRIBING MOTION 
AND SPEED. 



WHEN WE MANAGE TO 
ACCOMMODATE THESE TWO 
THEORIES UNDER ONE UMBRELLA 
THEORY, WE'RE DOME! / 



IT SEEMS LIKE OUR VERY 
IMAGINATION IS TESTED TO 



ITS LIMITS BY THESE THEORIES 
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WHERE ARE WE 
HEADING? 




SCIENCE 
OF THE 
FUTURE 





RND NOW WE'VE REACHED 
THE CURRENT STATE OF 
AFFAIRS IN science! 






SHOULD WE TALK ABOUT 
SOME OF THE MODERN 
SCIENTISTS? 



Rlchorel Teunmcm? 
Stephen Kawkinq? 
ro( ibawitms? 



THERE HAVE BEEN SEVERAL 
BRILLIANT SCIENTISTS SINCE 
EINSTEIN, BUT NONE OF THEM 
HAVE HAD THE IMPACT HE HAD! 



WE'D BETTER TAKE A LOOK AT THE MANY NEW 
INVENTIONS AND DISCOVERIES OF THE PAST CENTURY* 



EINSTEIN DID A LOT FOR THE 
POPULARIZATION OF SCIENCE! 
THANKS TO HIS ACCESSIBILITT, 
HE PUT A FACE ON SCIENCE! 




19TH CENTURY SCIENTISTS 



WHAT WILL THE 21 ST 
CENTURY BRING US? 



20TH CENTURY SCIENTISTS 



-^1 - 



THE 20TH CENTURY IS 
EVEN MORE EXPLOSIVE* 



SCIENTIFIC 

PROGRESS 



wow! AND WE THOUGHT 
THE 19TH CENTURY SAW 
SUCH EXPLOSIVE 
PROGRESS! 
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WHGRe DOES SCIENCE STAND fiT THE 
BEGINNING OF THE 21ST CENTURY? 




WE use THIS GIfiNT UNDERGROUND 
STRUCTURE TO flCCELERflTE SUBATOMIC . 
PARTICLES TO ALMOST THE SPEED OT LIGHT! 



AND THEN WE MAKE 
THEM collide! 

behave 




IN 2003, WE MAPPED 
OUT THE ENTIRE 
HUMAN GENOME! 



S SEE 
WHAT . 
HAPPENS! 



NOW WE BUILD ON 
THAT KNOWLEDGE 
BY RESEARCHING 
THE GENETIC 
DEVeLOPMENT OF 
CANCER ! 



Maube won’t be 
tonq before we can 
cancer! 



we ARE LOOKING FOR 
BLACK HOLES! 




THEY ARE CELESTIAL 
BOOIES SO BIG AMO HEAVY 
THAT THEIR GRAVITY 
RETAINS EVERYTHING 
-EVEN LIGHT! 



We can’t see them, but from the 
behavior of surrounciinq stars onc( 
planets we can deduce ineuVe there ! 



WHEN we FIND THESE, THAT’S ANOTHER PIECE 
OF EVIDENCE FOR EINSTEIN'S THEORY OF 
HOW THE UNIVERSE WORKS! 
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HOW WILL SCIENCE ^ 


f 


TO GET AN IDEA, 


\ f WHAT HAS MOTIVATED 


DEVELOP IN THE ) 




WE CAN TAKE A LOOK 


SCIENTISTS THROUGH 


FUTURE? J 




AT THE past! 


J y THE CENTURIES? 


VST ^ 




OUR MOTIVATION? 



fW6 WANT TO KNOW TOR THE SAKE OT KNOWING!]! VERY EXALTED MOTIVES! 



LOVt UF KNUWLfclJUtl 1 ^ 


7/~( WHO areVT 


HOW DOES IT \ 


Jfi BUT THERE Y 


( LITERALLY: \ ^ 

1 PHILO-SOPHIA! J 




ALL WORK? 1 


X 1 fiRE OTHER 

MOTIVBTJONS, TOO! J 


y 


—y 







TtTe PHILOSOPHER’S STON^ ^ 



bigger! 



TASTER 



THE ELIXIR OF LIFE! 



WHEN WE HAVE THAT, 
WE LL MAKE GOLD 1 



FOREVER 

young! 



COMPETITION 



IMMORTALITY 
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OTTER ALL, SCIENCE STARTS IN 
THE IMfiGINfiTtON! 

qO 



TO PREDICT THE TUTURE, 
we CAN ALSO LOOK AT 
BOOKS AND movies! 



SCIENCE FICTION SHOWS WHAT WE 
HOPE AND EXPECT FROM SCIENCE... 



... AND WHAT we FEAR! 




RECURRING THEMES OF OUR AGE ARE: 
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GOLD 



LONGER AND 
HEALTHIER 
LIVING... 



IF WE CRN BALANCE OUR INNATE OPPORTUNISTIC MOTIVES A BIT 
WITH THE DEVELOPMENT OF SUSTAINABLE RESOURCES, 

SCIENCE WILL HAVE A BRIGHT FUTURE AHEAD' ^ 



THERE! THE 
PLANET IS CLEAN 



NOW WE RE READY TO GO 
INTO space! who KNOWS 
WHAT WE’LL FIND THERE?! 



EQUAL DIVISION 
OF MEANS... 



WORLD PEACE 



MAYBE 

GOLD I 
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IN WORDS , 
AND PICTURES! 
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A must-read! 
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/ 





BEAGLE - 



THE FUTURE OF SPECIES LOGICOMIX 
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SITES OF DARWIN'S JOURNEY ! ABOUT 
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THE STUFF OF LIFE 
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EINSTEIN AND 
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DEPICTION OF THE TIME 
EINSTEIN lived! 
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